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40-ft-long Stoker-fired Incinerator 

One of four 250-ton-per-day C-E Stoker installations 
in New York's South Shore Incinerator Plant, Brooklyn. 
A duplicate installation is on order for the city's Green- 
point Plant, Brooklyn, and three similar units are now 
being installed at the Manhattan E. 73rd St. Plant. 
These plants were designed by the Department of 
Public Works and are operated by the Department 
of Sanitation. 
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GET RID OF REFUSE 


REFUSE — its a big problem for cities and for industries, too. 
Usually, the best way to get rid of it is to burn it. That's 
what New York City does 
two shown in the incinerator furnace above, which can burn 
nearly two hundred and fifty tons of garbage and all kinds 


using enormous stokers like the 


of refuse a day 

Four C-E stoker-fired incinerators like this went to work 
in the vast New York refuse disposal system two years ago. 
Since then, seven similar units have been ordered. 

These stokers are specially designed to meet a special 
problem. But stoker units like this can burn mountains of 
industrial wastes, too. Moreover, combined with a waste 
heat boiler, they can be used to generate steam for space 
heating or process work, 


Other “waste” materials are also handled at a profit in 
C-E equipment. Bagasse 
oughly practical fuel, when it’s burned in a specially- 
designed C-E Stoker-Boiler unit. Bark and wood chips, too, 
are more valuable fuels — now that Combustion has de 
signed equipment to utilize them efficiently. 


sugar cane refuse — is a thor- 


Even vast quantities of sewage sludge are dried to a 
saleable fertilizer, or burned to a sterile ash, in C-E 
Raymond Flash Drying Systems. 


To handle refuse or conventional fuels for disposal 
or steam generation . . . Combustion Engineering has both 
the equipment and the experience to meet any combina- 
tion of requirements. 
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200 Madison Avenue, New York 16, N. Y. B-915 
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The E. F. Barrett Station, completed in 1956. This station has Hagan The Port Jefferson Station. Unit No. 1 (1949) has Hagan combustion 
combustion control, three-element feedwater control, and primary control, as does Unit No. 2 (1950). Unit No. 3 will be equipped with 
metering. Designed to take full advantage of the latest construction Hagan Combustion Control, three-element feedwater control, and 
techniques, a major part of the station is outdoors, following the pat- primary metering. The feedwater control system will include Hagan 
tern established at the Port Jefferson Station. compensated drum level control. 


since 1942—Long Island 








Control room at the E. F. Barrett Station. This 
carefully engineered graphic panel enables a 
minimum of supervisory personne! to keep 
close check on all phases of station operation. 
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Long Island Lighting Company’s Station at Far Rockaway. This station Glenwood Station. Here Hagan has a long history. The first Hagan 
went into commercial operation in 1954. It has a Hagan combustion combustion control system was installed on Boiler #5 in 1942. Since 
control system. All of the stations, with the exception of Port Jefferson, then the record runs as follows: 1946— Boiler No. 6, 1952—Unit No. 4, 
are equipped with Hagan Remote Switching, providing a short direct 1954—Unit No. 5. Units No. 4 and No. 5 fire a combination of pulver- 
signal path from controller to positioner. ized coal with oil or gas. 


Lighting chooses HAGAN 


Performance is the reason why Long Island Lighting Company now 
has Hagan combustion control systems on seven boilers, with an 
eighth on order. The last two of these are also equipped with Hagan 
three-element feedwater control. Management, engineers, and operat- 
ing personnel alike have found that the simple, sturdy construction, 
high accuracy, and reliable operation of Hagan equipment contribute 
materially to station efficiency. 

Hagan operating units perform well out-of-doors, and Hagan remote 
switching provides fast response to changing steam demands. Hagan 
three-element feedwater control includes drum level compensation 
which permits accurate indication and automatic control of drum 
level, even during start-up and shutdown. 

Long Island Lighting Company is one of the nation’s fastest 
growing utilities. The first installation of Hagan equipment was an 
automatic combustion control system for the #5 boiler at their 
Glenwood Station. On their newest unit, the very modern 180 Mw. 
E. F. Barrett Station, Hagan systems include automatic combustion 
control, three-element feedwater control, and metering. 

Hagan’s 39 years of experience in the design and manufacture of 
automatic controls for all types of boilers provide a unique back- 
ground for the solution of control problems. A Hagan representative 
will be glad to discuss your requirements. 


FRIAGAWN controus, nc. 


HAGAN BUILDING, PITTSBURGH 30, PENNSYLVANIA 
DIVISIONS: CALGON COMPANY-+HAL'L LABORATORIES 


Hagan Power Positioner for induced draft fan discharge dampers. The fully- 
enclosed Power Positioner is designed to provide accurate, reliabie posi- 
tioning, whether indoors or outdoors. Station operators are particularly 
pleased with the integral locking feature of the Hagan Power Positioner. 
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Piston-Type CV-P. For high- 
duty service. Extremely precise 
positioning gives you superb 
operating characteristics. 
Rangeability is high. Response 
can be characterized to meet 
your operating requirements. 
Designed for those applications 
which demand the ultimate in 
valve-operating force... where 
you want the finest valve 
money can buy. Hand wheel is 
optional 


> 


Diaphragm-Type CV-D. Either 
direct or reverse acting. High 
rangeability. Optional features 


include: Cooling fins and lubri- 
cator for stuffing box that will 
maintain low friction over 
longer packing life; hand wheel 


for emergency operation. 
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the right valve for more jobs! 


Now you can apply high-quality 
Copes-Vulcan Valves to any appli- 
cation, at unlimited pressures in 
sizes up to 12 inches. Simplified 
design gives you this new versa- 
tility, plus high standards of per- 
formance for broader applications. 
Too, you will get the Copes-Vulcan 
custom-design, with ports exactly 
suited to the requirements of your 
operation. 

Get in touch with your Copes- 
Vulcan man. He can help you apply 
the new Copes-Vulcan Valves to 
your control requirements. You'll 
get real dollars-and-cents savings 
in operational cost with less down- 
time in even those troublesome 
spots where ordinary valves are in- 
adequate. Write for Bulletin 1027. 


COPES-VULCAN DIVISION 0% tines 


BLAW-KNOX COMPANY 


ERIE 4, PENNSYLVANIA SIOOVISEO 
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Helps Light Cleveland 


The Cleveland Electric 
liluminating Company 

has used Westinghouse 
Mechanical Draft Equipment 
for Over 20 Years 


At Cleveland Electric the job of providing combus- 
tion air for boilers is handled by Westinghouse 
Equipment. And in industrial plants, too, Westing- 


house fans are often first choice. 


The men who specify power plant equipment at 
leading utilities from coast to coast know that 
Westinghouse means top efficiency, unexcelled qual- 
ity, ability to meet extremes of operating conditions— 
such as high volumes, high pressures, extremes of 
speed and temperature. Most important, they know 
that the Westinghouse name on air handling equip- 
ment is backed by more than 90 years’ experience 
and leadership in design and manufacture. 


For complete application service, call your nearest 
Sturtevant Division Sales Engineer. Or write 
Westinghouse Electric Corporation, Dept. 9E, 
Hyde Park, Boston 26, Massachusetts. 


WESTINGHOUSE 
AIR HANDLING 


you CAN BE SURE...iF ITS 


Westinghouse 
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Eastlake Power Plant, The Cleveland Electric [lumi- 
nating Company, using 16 Westinghouse Heavy Duty 
Forced and Induced Draft Fans to provide air for 
660,000 KW maximum-output generators. 


Air At Work — battery of Westinghouse Heavy Duty 
Induced Draft fans at Eastlake. The fan motors are 
Westinghouse, too. 


Avon Lake Power Plant, Avon Lake, Ohio. Now rated 
at 420,000 KW capacity, current expansion program 
will boost output to maximum 670,000 KW, requiring 
4 more Westinghouse fans for a total of 10 FD and 
ID units. 


Inside Avon Lake Plant, these Westinghouse Heavy 
Duty Induced Draft Fans are typical of Westinghouse 
installations throughout the Cleveland Electric system. 
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Electronic Route to Lower 


M. W. Kellogg’s Digital Computer 
Permits More, Faster, Accurate 
Flexibility Analysis of Complex 
Main and Reheat Piping Systems 


Control section of Kellogg’s electronic computer. 


KEEPING PACE with the increasingly critical 
pressures and temperatures of the modern 
steam-electric power plant are M. W. Kel- 
logg’s advanced techniques for pre-determin- 
ing stresses and reactions of main and reheat 
piping. Most recent addition is a large mag- 
netic drum digital computer, used to calcu- 
late forces, moments, deflections, rotations, 
and stresses in complex piping systems. 

By enabling Kellogg engineers to under- 
take a far greater number of calculations in 
less time than ever before, electronic compu- 
tation makes possible the ultimate or near 
ultimate piping system designs. Pipe runs 
can often be shortened without sacrificing re- 
quired margins of safety; capital investment 


and maintenance costs reduced; operating 
efficiency increased. 

A pioneer in flexibility analysis tech- 
niques, which include manyal calculations, 
model testing, and a smaller electronic com- 
puter, Kellogg continues its pioneering in the 
power piping industry by the addition of 
this high speed computer to its New York 
engineering facilities. 

A cordial invitation to see the M. W. 
Kellogg electronic computer at work is ex- 
tended to consulting engineers and to engi- 
neers of power generating companies and 
their equipment manufacturers. Appoint- 
ments may be made through the Sales 
Manager, Fabricated Products Division. 


FABRICATED PRODUCTS DIVISION 
THE M. W. KELLOGG COMPANY, 711 THIRD AVENUE, NEW YORK 17, N. Y. 


A SUBSIDIARY OF PULLMAN INCORPORATED 


The Canadian Kellogg Company Limited, Toronto « Kellogg International Corporation, London « Societe Kellogg, Paris 
Kellogg Pan American Corporation, New York « Companhia Kellogg Brasileira, Rio de Janeiro « Compania Kellogg de Venezuela, Caracas 
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POWER PIPING-—-THE VITAL 
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3) Steam Power Piping Costs 





DATA INPUT | Pipe | No | f intermediate | No J Branch End of | No | Error in 
Section? Restraint? | yes Start? Data? Yes | Data 


Calculate Modify Store 
Shape Shape Old Branch 





Coefficients Coefficients Matrix 





Derive 


, Iculate 
Restraint Cale 


Relations Expansions 





Invert 
and Combine 
Matrices 


, HE | Final Reducible 
ranc Branch? Branch? 





Data 








Calculate Forces 
and Moments 
at Restraint 


Calculate Assemble é 
Intermediate 


Restraint? 


Branch Forces and Examine 
and Moments Data 





Calculate 
Stresses and 
Deflections 


Beginning End of Data? 
of Branch? 


COMPUTER FLOW SHEET Forces and 
Moments 

This flow sheet shows the route 

followed by Kellogg’s electronic 

computer to calculate forces, mo- 

ments, deflections, rotations, and 


stresses in high pressure and high 
temperature steam piping systems. 
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Chicago’s newest 
is served 


Located on a 100 acre site overlooking Lake Michigan, 
Chicago’s newest planned community, the Lake Meadows 
project, offers gracious living within the confines of a large 
city. Owned and managed by the New York Life Insurance 
Company, Lake Meadows provides distinctively appointed 
apartments, spacious grounds, a modern shopping center, 
ample parking facilities, yet is within minutes of the heart of 
the city. When completed, this project will house 2000 fami- 
lies and will include an eight acre park. In addition, construc- 
tion has already begun on a new elementary school located 
on a two acre plot adjacent to the housing development. 


A project of this size requires considerable steam capacity 
to provide ample heat and hot water and to perform the 
many other services required. To do the job, the New York 
Life Insurance Company originally selected 3 C-E Package 
Boilers, Type VP. Later, as new housing units were added, 
2 additional VP Boilers were installed. Their outstanding 
performance and efficient, trouble-free operation is evi- 
denced by the repeat order placed with Combustion for the 
final 2 units. 


VP Boiler Catalogs are available on request. 





Cutaway view of typical VP Boiler. For capacities 
from 4,000 to 40,000 Ib of steam per hr. Pressures 
to 500 psi. Oil or gas fuel. 


COMBUSTION 


Combustion Engineering Building 








ALL TYPES OF STEAM GENERATING FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS, 
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planned community 
by C-E Boilers 
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Architect’s rendering of the Lake Meadows project. 
Skidmore, Owings and Merrill, Architects. 


Firing aisle of the Lake Meadows boiler 
room showing three of the five C-E Pack- 
age Boilers, Type VP. 


ENGINEERING [\} 


200 Madison Avenue, New York 16, N. Y. 


PAPER MILL EQUIPMENT; PULVERIZERS; FLASH DRYING SYSTEMS; PRESSURE VESSELS; SOlt PIPE 
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Atlantic City Electric DE LAVAL 


... another utility using te mae i ii 














Consulting Engineers: Gibbs & Hill, Inc. 





ee i 


De Laval IMO rotary positive displacement pumps handle . t 
nit 


heavy fuel oil. They are used for standby operation. 
cs 


Atlantic City Electric Co. and Gibbs & Hill, Inc., 

Consulting Engineers, know that they can count on 

De Laval reliability. That’s why they selected three 

De Laval high pressure barrel type boiler feed pumps 

for the Deepwater Station in Penns Grove, New Jersey. 

These 10-stage units deliver 675 gpm, operating at 

1762 psi with temperature at 287 F. The pumps are 

lriven by 900 hp motors. 

Send for De Laval 
Bulletin 1506, which 
contains helpful data. 


De Laval barrel type boiler feed pumps operate at pressures up 
to 5500 psi. These units offer many important design advantages, 
such as double volute diaphragm, individual diaphragm bolting, 
only one inner high-pressure joint, and bare shaft construction. 
Their dependability is proven by year in, year out service in 


public utilities and industrial plants. 


PMAWENG Boiler keed Pumps 


DE LAVAL STEAM TURBINE COMPANY 
886 Nottingham Way, Trenton 2, New Jersey 
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Bailey Boiler Control Panel for three 150,000 Ib per hr, 400 psi, gas-fired 
boilers. Meter at left records total Steam Flow; the other three meters 
record Gas Flow—Air Flow and Flue Gas Temperature. 


How to Control Steam Costs 


% Close regulation of fuel and air input is vital to a 
strict control of your steam cost. But that’s not all. 
You'll need control of other factors, too. Your costs 
can be held down only by controlling all of the im- 
portant operations in your steam plant. That’s 
where you can be sure of help from Bailey Controls. 


Here's why they can do the job and do it right: 


1. Suitable Equipment 


When you receive equipment recommendations from a 
Bailey Engineer his selections come from a complete 
line of well-engineered and carefully tested products. 


2. Seasoned Engineering Experience 


Your local Bailey Engineer brings you seasoned engi- 
neering experience based on thousands of successful 
installations involving problems in measurement, com- 
bustion, and automatic control. 


3. Direct Sales-Service—close to you 


For your convenience and to save time and travel ex- 
pense there’s a Bailey District Office or Resident Engi- 
neer in or close to your industrial community. 


For greater fuel savings, less outage and safer working 
conditions, you owe it to yourself to investigate Bailey 
Controls. Ask a Bailey Engineer to arrange a visit to 
a nearby Bailey installation. We're glad to stand on 


our record. A-125-1 


BAILE 


1025 


IVANHOE 


ROAD 


Coutrols for 


WA 


Complete Controls for Steam Plante 
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Here’s why 


Euclid 


Twin-Power 
Crawlers 


give you MORE 
WORK - ABILITY 


PERFORMANCE 


On a 200’ push at a coal mine in 
Pennsylvania, the TC-12 moved 
about 440 loose yards per hour. 


On a Michigan stockpiling job, the 
TC-12 moved 796 tons of loose coal 
in one hour on a 150’ push. 


On a coal strip mine operation in 
Ohio where waste banks had to be 
levelled, a TC-12 produced about 
950 yards per hour with a 50’ push. 


SPEED 

The TC-12 has speed—up to 7.8 mph forward or reverse—but that's 
not all. Pivot turns (one track forward and one reverse at the same time) 
plus changing of direction and range under full power without loss of 
momentum save considerable time during the tractor’s daily operation. 


POWER 

Two engines with a total of 436 h.p. (413 net h.p. at drive train) 
make this Euclid ‘Twin’ the world's most powerful crawler. Being more 
powerful, the TC-12 offers additional benefits, such as faster work and 
longer engine life, since the engine often operates at less than full 
capacity without strain. And, the reserve power permits handling the 
toughest tractor job. 


MANEUVERABILITY 

Pivot turns with the TC-12 take less space and time. Changing direc- 
tions on the go with Torqmatic Drives makes maneuvering into position 
quicker. Split-half construction gives better traction on uneven ground. 


EASY OPERATION 

Clutching and shifting are eliminated with the TC-12 “Twin”. There's 
24-volt push-button starting and instant response to directional levers, 
range selector and hand throttle levers, all of which are conveniently 
located to allow complete freedom of the operator's right hand for 
control of attachments. 


DESIGNED FOR EASY SERVICING 

Many design features contribute to long life and easy servicing. 
Location of radiator behind operator reduces damage and improves 
cooling. Track tensioning and recoil system are automatic. All engine 
accessories are readily accessible from outside the engine compartment. 
Rollers can be removed without breaking track. Engines, Torqmatic 
Drives, and planetary final drives can be removed without disturbing 
the other components. 


THEY ALL ADD UP to just one thing— 
Euclids are your best investment. 


EUCLID DIVISION, 
GENERAL MOTORS CORPORATION, Cleveland, 17, Ohio 





Equipment face 


MOVING EARTH, ROCK, COAL AND ORE 


you 
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OVERSPEED 
TRIPOUT 








CONTINUED ~~ 
AVAILABILITY 











SENSITIVE GOVERNING SYSTEM helps avoid costly tripouts. The red curve, above, 
shows how a typical G-E reheat turbine stays below tripout speed by limiting speed to 
3920 rpm during temporary system interruption. Without this split-second governing 


response, overspeed to 4030 rpm can result in costly shutdown. 


Split-second response helps keep 


4 go Sao’ 
CONTROL AND INTERCEPT VALVES, located 
close to the point of steam admission, reduce 
the amount of high-energy steam entrained 
downstream from the closed valves— steam 
that could cause excessive acceleration and 
resultant tripout. 




















SPLIT-SECOND RESPONSE to 
system disturbances helps 
keep units like this on-the- 
line. Pictured here is a 150,- 
000 kw reheat steam turbine- 
generator at Oklahoma Gas 
and Electric Company’s 
Riverbank Station. 
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General Electric turbines on-the-line 


SENSITIVE GOVERNING SYSTEM COPES WITH TEMPORARY SYSTEM DISTURBANCES 


Requirements for sensitive, faster-responding govern- 
ing systems have steadily increased with the trend 
toward larger reheat turbines with their inherent high 
overspeed potential. 

Modern turbines entrain significant quantities of high- 
energy steam downstream from control and intercept 
valves and in crossover pipes. Because this steam can 
cause rapid acceleration upon load loss, governing 
systems must instantly sense speed changes to ride 
through temporary system disturbances. A split-second 
time lag may mean the difference between tripout 
and continued turbine availability. 


Locating control and intercept valves as close as 
possible to the turbine operating stages reduces the 
amount of high-energy steam trapped downstream 
from the valves. With the acceleration potential of 


this entrained steam kept to a minimum, overspeed 
is limited and the turbine remains on governor control 
despite temporary system interruptions. 


Other refinements such as use of an extremely sensi- 
tive governor and relays help make fast response pos- 
sible. This governor senses the slightest change in 
speed and transmits a signal to activate the governing 
system. 

Sensitive response of governing systems is another 
example of how General Electric turbine research and 
engineering leadership combine to build tomorrow’s 
turbine-generators today. For further information on 
reheat turbine overspeed protection, write for bulletin 
GER-920, Large Steam Turbine-Generator Depart- 
ment, General Electric Company, Schenectady 5, 
New York. 254-39 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 





SIROCCO WHEELS 
for forced and induced draft duty 
For balanced draft or pressurized furnace 
Low tip speed 


Die-formed, forwardly inclined blades and heavy 


streamline inlets 


Used in power plants the world over 


AHS WHEELS 
for forced and induced draft duty 


Backwardly inclined, nonoverloading horsepower 


characteristic 


For given duty operates at higher R.P.M. 


Single thickness flat or curved blade 


Heavy rolled streamline inlets 


AIRFOIL BLADE WHEELS 
primarily for forced draft duty 


Blades are of airfoil cross section, die formed and 
reinforced as required 
High mechanical and static efficiency 


Nonoverloading power characteristic 


Available with vanes and/or boxes 
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Meet Peak Efficiency Standards 


RADIAL BLADE WHEELS 


for forced, induced and gas 
recirculating duties 


@ Pressure characteristic favorable to 
gas recirculating application where 
unusual system pressures prevail 


@ Designed for severe temperature and 
pressure duty 


@ Available with straight radial or ra- 
dial tip blades 


Radial tip blade wheel Straight radial blade wheel 


SINGLE INLET RADIAL BLADE 
WHEELS FOR PRIMARY AIR, 
VENT, AND OVER FIRE DUTY 


@ Designed for high temperature, high 
pressure applications 


Radial or backwardly inclined blades, 
single inlet 


Over 1200 primary air fans in oper- 
ation 


Rimless wheel for 


Rim type wheel for 
vent and over fire fans 


primary air fans 


y your plans include mechanical-draft equipment— 

for new installations or as replacements—consult 
your American Blower sales engineer. He can give you 
helpful information on job-fitted American Blower 
equipment to meet your power-plant requirements. Call 
our nearest branch office or write: American Blower 
Division of American-Standard, Detroit 32, Michigan. 
In Canada: Canadian Sirocco products, Windsor, Ont. 


AMERICAN BLOWER 


Division of Amertcan-Standard 
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RESEARCH -COTTRELL'S 


New CA Custem 
brings 


precipitators 


POWER INPUT COMPARISON 


SPARKING NON SPARKING 
SPARKING 


Higher “around-the-clock” 
collection efficiency 
without any manual 
adjustments. That sums up 
the major advantages of 
Research's new Cottrell 
Automation System. 


MANUAL 
« CONTROL 





The 
chart at the 
left shows how the 


ntaces 


iges. As you know, ideal electrical power input to a 


CA System provides these 


pitator is not constant. It varies with changes in gas 


sition, temperature, rate of flow and humidity, as well as 


eristics of the dust, such 


‘ 


VILY 


as size, electrical 
and extent of build-up on the electrode 


entional controls, manual adjustments cannot keep 


these changing conditions. This difference 
deal electrical power and actual power input 


nanual control, is shown in the chart. This 


means lower collection efficiency. 


icting electronic circuits of the CA System 


vide the best practi al approa¢ h to ideal electrical power. 


periods of sparking, electrical power input is 


led by the optimum sparking rate, which can be easily 


to any value between 0 and 500 sparks per minute. 


some conditions power input would have to be 


sed beyond the capacity of the electrical equipment 


ler to maintain this optimum sparking rate 


. During 
periods the power input is governed by the capacity) 


e electrical equipment. This condition is shown 


he center vertical section of the chart. 


more information on this new automation development 
our copy of Bulletin CA 


It has a detailed 
tion of how the Cottrell 


Automation System works 


igher “‘around-the-clock”’ collection efficiencies 


operating costs are obtained. 





Uniformity of Republic ELECTRUNITE® Boiler Tubes 


INCREASES ERECTION AND OPERATING EFFICIENCY 


of Modern Steam Generating Equipment 


More power per dollar demands top efficiency in 
steam-generating-equipment design, erection, and 
operation. Materials used must meet these require- 
ments and deliver long, trouble-free service as well. 
Republic ELECTRUNITE Boiler Tubes fulfill all con- 
ditions with flying colors. 

The Riley “RX” Steam Generating Unit with 
Pressurized Furnace, at right, provides an excellent 
example. Designed and erected by the Riley Stoker 
Corporation, Worcester, Massachusetts, for the 
Phillips Petroleum Company Refinery at Sweeny, 
Texas, this unit develops 325,000 pounds of steam 
per hour at 500 psi. and 610° F. A total of 49,785 
feet of Republic ELECTRUNITE Boiler Tube was 
used. Its uniformity made a significant contribution 
to construction economy, and assures long-term 
operating dependability. 

Uniform quality throughout each tube is based on 
Republic’s complete manufacturing control. The 


ELECTRUNITE welding process produces accurate 
size, Concentricity, and wall thickness. Material- 
control, from ore to finished tubing, builds uniform 
strength and ductility into every length. Result is a 
fully predictable boiler tube that facilitates time- 
saving prefabrication techniques, easy “rolling-in” 
characteristics, and fast field assembly—and pro- 
vides maximum service life. 

Republic ELECTRUNITE Boiler Tubes are hydro- 
statically or electronically tested to meet applicable 
ASTM specifications, the ASME Boiler and Pressure 
Vessel Code, and local, state, and boiler-insurance 
requirements. It is approved on an equal basis with 
tubes made by any other process, up to 850° F, and 
available for pressures over 2000 psi. in a variety 
of sizes and wall thicknesses. 

For complete information on ELECTRUNITE 
Boiler, Condenser, and Heat Exchanger Tubes, con- 
tact your local Republic representative. For illus- 
trated literature, mail coupon. 


SPECIFY FARROWTEST®— the most conclusive, non- 
destructive tubing test in use today. Developed 
by Republic, FARROWTEST uses electronic detec- 
tor coils to spot hidden irregularities in tube walls 
that would escape routine test procedures. 


UNIFORM DUCTILITY AND CONCENTRICITY plus pre- 
cise diameter assures easy installation of Republic 
ELECTRUNITE Boiler Tubes in drums. They slide in 
readily, roller-expand evenly, and bead over to 
form tight, weeper-free joints. 


PREFABRICATION OF BOILER TUBE ASSEMBLIES wos 
employed by Riley to speed erection of steam 
generator shown in diagram. Predictable char- 
acteristics of ELECTRUNITE simplified this operation, 
assuring easy bending to precise contours. 
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re 325,000 pounds of steam per hour 
PEAK CAPACITY (for 2 one hour period) 350,000 pounds of steam 
CC SRLS 500 psi. 
Tn eee 610°F 
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HEADER WITH PRE-ASSEMBLED TUBING is quickly 
and efficiently raised into position by crane used 
for building construction. Beyond savings in time, 
this technique makes top quality of completed 
unit easier to achieve, 


ant Steck Produc 


STEEL 
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FINAL STAGES OF ERECTION include a careful in- 
spection. Republic ELECTRUNITE Boiler Tubes pro- 
vide maximum reliability throughout every length. 
There are no hidden thin spots to threaten service 
life or cause uneven heat transfer. 


REPUBLIC STEEL 


JACKET INSTALLED, Riley Steam Generator is vir- 
tually complete. Republic offers a handy guide 
outlining proper protection of boiler installations. 
Send coupon for wall chart entitled "Care and 
Maintenance of Boiler Tubing”, today. 
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DEPT. C-3954 l 
3172 EAST 45th STREET, CLEVELAND 27, OHIO | 
Please send: | 
C Illustrated booklet giving facts on ELECTRUNITE Boiler | 
‘ubes | 
0 8-page brochure on ELECTRUNITE Heat Exchanger Tubing | 
0 carbon steel 0 stainless steel | 

0 Handy wall chart on care and maintenance of boiler tubes 
CO FARROWTEST brochure 
Name. Title | 
Company l 
Address. 
City. Zone State J 
23 


APEXIOR, 


iM today * power boilers 


There’s something basic about a power- 
field product with a job even more vital 
today than half a century ago — for tech- 
nologically we’ve come a whole era since 
Apexior Number 1@ first went to work 
inside boilers in 1906. The “why” of 
Apexior and its still-growing use in mod- 
ern steam generators takes us, then, to 
fundamentals, best answered by asking— 


WHAT IS APEXIOR? 

Apexior Number 1l@ is a high-tempera- 
ture, non-oxidizing, brush-applied coating 
for service on both heat-transfer and non- 
heat-transfer areas. Because it penetrates 
and becomes one with metal, Apexior 
seals surfaces at new, or newly cleaned, 
strength, isolating steel from its environ- 
ment and establishing it as an independent 
element in steam generation. 


WHY ARE BOILERS 

APEXIOR-COATED? 
Maintaining the status quo to keep steel 
at peak efficiency is only the first benefit 
Apexior confers. The simple one-coat 
process actually transforms steaming sur- 
faces. Because Apexior is smooth and 
deposit-repelling, metal stays cleaner 
longer — heat transfer is always at its 
highest — distribution is uniform — and 
circulation and evaporation proceed at 
top performance levels. Off the line, in- 
spection is facilitated — cleaning, when 
required, is accomplished easily and quick- 
ly and the boiler is soon back in better- 
than-ever steaming service. 


MAINTENANCE FOR METAL 


This message is one of a continuing series. To 
be discussed: Apexior Number 1® in relation 
to... heat transfer, feedwater treatment, high- 
purity steam, standby, cleaning, cost. Watch 
for the answer to your question, or write 


WHERE IS APEXIOR IN USE TODAY? 
Now manufactured in the United States 
and four foreign countries, Apexior serves 
the world around in electric utility cen- 
tral stations and plants generating power 
for every kind of manufacturing and serv- 
ice industry. Its first use half a century 
ago in Scotch marine boilers has been 
extended also over the years to floating 
power plants in vessels of every type and 
S1zZe. 


CAN YOU APEXIOR-COAT 
ALL BOILERS? 


Apexior serves under highest tempera- 
tures and pressures on any steam-or- 
water-contact area. It may therefore be 
applied to any water-tube boiler, includ- 
ing water walls, economizers, circulators, 
and reheat units — and to any fire-tube 
boiler where it serves on shell interiors 
and flue exteriors. 


WHAT UNIT-SYSTEM AUXILIARIES 
ARE USUALLY APEXIOR-COATED? 

>» Evaporators 
exteriors 


» Deaerating heaters 


- interior surfaces, coil 


- shells and trays 
>» Feedwater heaters — interior surfaces 
WHAT PARTS OF STEAM TURBINES 

ARE APEXIOR-COATED? 


> Interior of casings and exterior of ro- 
tors, or wheels, and diaphragms. 


2» = 
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HYDE PARK, BOSTON 36, MASSACHUSETTS 
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NEW FROM YARWAY ! 


OLOR--PORT 


BOILER WATER LEVEL GAGE 


for pressures 900 to 3000 psi 
d @ two-color 


readings! 


@ reduced 
maintenance! 


®@ increased 
availability! 


Now Yarway offers brilliant 
two-color boiler water level 
readings, combined with simplic- 
ity of gage maintenance and 

increased availability. 


With the new Yarway Color- 
Port Gage, water space shows green, 
steam space shows red. A full gage 
is all green and an empty gage all red. 








The Color-Port Gage is serviced 
quickly in place by simple replacement 
of individual cover-glass assemblies. 
Each cover assembly is held solidly in 

place by four socket head capscrews and 
the “floating assembly” design applies 
safe predeter- 
mined loads on 
glass ports, reduc- 
ing thermal shocks, 
and permitting 
faster warm-up. 
Increased availability 
means longer service 
life. 


Write today for new 
Bulletin wG-1814, 
completely describing Side view of Yarway Color- 
Yarway Color-Port High Port Water Level Gage with 
illuminator, circulating tie-bor 

Pressure Water Level and Welbond gage valves. 


Gages. 














YARNALL-WARING COMPANY 


100 Mermaid Avenue, Philadelphia 18, Penna. 
BRANCH OFFICES IN PRINCIPAL CITIES. 


WATER LEVEL GAGES 
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COMPLETE LINES OF WALWORTH VALVES 


__.....°" POWER PLANT SERVICE 


. 
— 


Featuring Walworth Pressure-Seal Valves 


Here are cast steel valves built for high-pressure, high- 
temperature service. The unique bonnet-to-body design 
utilizes internal line pressure for a tight, leakproof con- 
nection. The higher the pressure the tighter the bonnet 
joint! Bulky, heavy bonnet flanges, bonnet studs, and 
nuts are completely eliminated providing a modern 
valve design of truly streamlined proportions. Mainte- 
nance is simplified as Walworth Pressure-Seal Valves 
are easily assembled, disassembled, and insulated. 

Walworth Pressure-Seal Valves are available in Series 
600, 900, 1500, 2500, and in a wide range of sizes and 
types. Complete information is available from your 
nearby Walworth Distributor —or — write Walworth for 
for a free copy of Circular 16. 


and including these valves for “' ’round-the-plant” use! 


N 


WALWORTH SMALL CAST STEEL Y-GLOBE 
VALVES. Simplified design eliminates many 
of the problems encountered in high-tem- 
perature, high-pressure service. No bonnet 
joint. Improved back-seat design means 
longer life for packing rings. 


WALWORTH IRON BODY GATE VALVES. 
Straight-flow port design reduces fluid turbu- 
lence to a practical minimum. Seat rings of 
end-seated type are screwed into the body. 
Brass liner on glands assures greater resis- 
tance to corrosion and scoring. Available 


WALWORTH LUBRICATED PLUG VALUES. Easy with threaded or flanged ends. 


turning — quick operating. Lubricant can be 
renewed while the valve is in service. Lubri- 
cant completely surrounds the plug ports 
for a tight seal against leaks. Remember, 
always use Walworth Lubricant in Walworth 





Lubricated Plug Valves. 


WALWORTH BRONZE VALVES. Standardized 
lines of bronze valves provide an unsur- 
passed system of interchangeability of 
parts, drastically reducing inventory prob- 
lems. Walseal Valves with brezing ends also 


WALWORTH CAST STEEL GATE VALVES. Bolted 
bonnet, wedge gate, OS&Y. Bonnets and 
bodies ore engineered to withstand pressure 
and minimize distortion. Heavy steel walls 
provide extra strength and longer life. Deep 
stuffing boxes in all sizes (2” to 24”) insure 
tightness and maximum packing life. Also 
available in globe and angle types. 


available in a variety of types. 


é 
é 


WALWORTH 


Manufacturers since 1842 


valves ... pipe fittings . . . pipe wrenches 
60 East 42nd Street, New York 17, N. Y. 


WALWORTH also offers Plastic Valves, Fit- 
tings, and Pipe of polyvinyl chloride, moulded 
to Walworth’s specifications by General 
American Transportation Company of B. F. 
Goodrich Chemical Company Geon! 


Walworth Company of Canada, Ltd., Toronto 


DISTRIBUTORS IN PRINCIPAL CENTERS THROUGHOUT THE WORLD 


May 1957-COMBUSTION 


STONES I, AL TR 





when you use 


Bi 5 _ 


PENNSYLVANIA 


COAL GRANULATORS 


(patented ring hammermills) 


Pennsylvania snubs the rings 

. so that they roll firmly and smoothly over 
the coal, producing a uniform, granular product 
with a minimum of fines. This feature, that pre- 
vents the rings from bouncing and scrubbing, is 
an exclusive (patented) Pennsylvania feature, 
and a lot of operators have found it so impor- 
tant that they specify Pennsylvania whenever 








this type of machine fits the job. 


Easy Positive Cage Adjustment 

Did you ever try to push anything with a wet 
string? That’s about what it’s like when you try 
to back off a frozen cage with a chain type adjust- 
ment. Cage adjustment of the Pennsylvania Coal 
Granulator is made with a ratchet wrench and 
worm gear assembly through a link and lever 
mechanism that makes adjustment to or from the 
rings easy and positive. Send for Bulletin +9003. 


PENNSYLVANIA CRUSHER DIVISION 


Bath Iron Works Corporation 
West Chester, Pennsylvania 
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Ingersoll-Rand Twin-Shell 


will serve Con Edison’s 275,000... 


Artist's conception of Ingersoll-Rand 212,000 
sq ft Twin-Shell Surface Condenser for Con 
Edison's 275,000-kw Nuclear Power Plant at 


Indian Point 





I-R Condensers 
set the pace 
in meeting 

all of today’s 

turbine-condenser 
arrangements 


— a a 


BOTTOM EXHAUST: 
Regardless of headroom lim 
itations, |-R surface conden- 
sers permit most effective 
utilization of all available 
under-turbine space. Sketch 
above, for example, shows a 
65,000-sq ft condenser with 
headroom of only 14 ft 8 in, 
serving a 135,000-kw bottom 
exhaust turbine. 


PUMPS * COMPRESSORS 


28 





SIDE EXHAUST: Mount. 
ed directly on the turbine 
floor, the twin shells of this 
|-R condenser are connected 
directly to the dual side ex- 
hausts of a huge, cross 
compound steam turbine 
serving a large mid-western 
utility. Such a condenser 
can be arranged for the 
most economical design pro- 
portions without the usual 
limitations of headroom and 
floor space 


STEAM JETS 





AXIAL EXHAUST: This 
advanced-design |-R con- 
denser connects directly to 
the exhaust of an axial flow 
exhaust turbine. The result 
of close cooperation be- 
tween I-R engineers and the 
turbine designers, it is an- 
other outstanding example 
of the adaptability of |-R 
condenser design. 


CONDENSERS 
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Surface Condenser 


NUCLEAR POWER PLANT 


Advanced design I-R Conde 
for Indian Point Station 
will contain 212,000 sq. ft. 


of cooling surface in two shells 


CHEDULED for completion in 1960, the 

Indian Point Nuclear Station of Con- 
solidated Edison Company of New York, 
Inc., will pioneer many inovations in power 
plant equipment and design. 


The I-R twin shell condenser serving the 
275,000-kw turbo-generator unit will be the 
largest on the Con Edison system. The tur- 
bine is an 1800-rpm single shaft, double 
exhaust unit, and the condenser size is com- 
parable to that of a unit serving a conven- 
tional 400,000-kw turbine. The two condenser 
shells will contain almost 180 miles of tubing 
with a total condensing surface of 212,000 
sq ft. The 31,508 tubes will be welded at both 
ends into silicon-bronze tube sheets. Special 
hotwell trays will be provided with a total of 





iit 


24 sampling connections to permit contiri- 
uous indication of condensate purity. 


Ingersoll-Rand will also supply the boiler- 
feed pumps, circulating pumps and steam- 
jet ejectors for the history-making Indian 
Point Station. The three specially-designed 
boiler-feed pumps will have a capacity of 
2425 gpm at 632-psig discharge. And the two 
huge vertical circulating pumps will each 
handle 140,000 gallons per minute. 


This outstanding installation is further 
evidence of Ingersoll-Rand’s ability to meet 
any surface condenser requirements for any 
turbine-condenser arrangement. Your I-R 
engineer will be glad to discuss your power 
plant problems and help you determine the 
equipment best suited to your needs. 


Ing ersoll-Rand 


11 Broadway, New York 4, N.Y. 


4-599 


AIR & ELECTRIC TOOLS © ROCK DRILLS © TURBO-BLOWERS 
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Look at all three 


A new steam station design approach is bringing higher 


efficiencies, lower costs, and greater reliability. In this 
approach, only three basic functions are considered: (1) 


> 


Steam Generating, (2) Electric Generating. (3) Fluid Han- 
dling. Station requirements are first analyzed in terms of 
the over-all job performed by each of these groups rather 
than by each individual piece of equipment. 

Many of the benefits of this approach occur in the Fluid 


Handling Group. Here coordination and integration of the 
wide variety of equipment used can often effect substantial 
improvement in over-all operation. As steam temperatures 
and pressures go up, there are increased demands on the 
fluid handling function. Plant reliability often depends on 
the effect of one component of the fluid handling group on 
another during operational transients, either planned or of 
emergency nature. The solution is coordinated equipment 











betel 2. ELECTRIC GENERATING GROUP 
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or power! 


selection, engineering and design. And Worthington’s “sys- ence to work for you, get in touch with your nearest district 
tem’”’ know-how and experience with modern complex plant office. Or write to section C-71, Worthington Corporation, 


cycles can help solve your fluid handling problems. Harrison, New Jersey. 


major components of the Fluid Handling Group, Wor- 
thington has a reservoir of experience and knowledge that 
can be of benefit to you. To put this “system-wise” experi- 


System-wise experience As the manufacturer of all wo RT om ‘ By G TO a 
<a = 








NEW S-°E-CO. COAL SCALE 


DESIGNED SPECIFICALLY 
FOR 


LARGE CENTRAL STATIONS 





Model 50 carries 24” wide stream 
of coal straight through 
without baffles, sloping skirts, 
or other restrictions 





Modern push-button power plants burning large quan- 
tities of coal find it more desirable than ever to obtain 
accurate, up-to-the-minute coal weights. These weights 
help operators get the last BTU from each pound of 
coal by helping them determine boiler efficiency, keep 
inventory records and balance mills. 


To provide these weights continually and without un- 
due maintenance requirements, Stock Equipment Com- 
pany engineers have developed the Model 50 Coal Scale. 
The inlet of this scale is a full 24” inside square. The 
extra wide feeder belt carries a stream 24” wide. The 
stainless steel weigh hopper has a 24” wide outlet. 


Because there are no restrictions or baffles inside the 





scale body, coal passes through easily, dependably, 
giving you the maximum in accuracy and trouble- 


free performance. 


The Model 50 Coal Scale is only one of the ways in which 
Stock Equipment Company continues to meet the grow- 
ing and changing needs of modern power plants. Years 
of experience in bunker to pulverizer and stoker equip- 
ment, combined with a constant attention to detail, 
make any S-E-Co. equipment the best you can buy for 
the job. 





SPECIALISTS IN STOCK Equipment Company 


BUNKER TO PULVERIZER AND 


punt an iadesapropmameancioentl 745-C HANNA BLDG., CLEVELAND 15, OHIO 
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NOW ! from the world’s largest 


hor zontal steel extrusion press... 


SEAMLESS 


HEAVY 
WALL 
PIPE 


from any ferrous alloy 


Now heavy wall pipe can be extruded from any 
ferrous alloy — in lengths up to 50 feet or more, 
with O.D.’s from 4” to 22”, and with virtually 
no restriction on wall thickness. 


The giant Curtiss-Wright horizontal extrusion 
press, now operating at the Metals Processing Di- 
vision, moves the metal instead of removing it, for 
pipe of maximum length — and strength. 


If your application calls for higher heat, cor- 
rosion and/or abrasion resistance — in pipe of 
highest tensile and yield strengths — Metals Proc- 
essing Division is geared to fill the requirement. 
Complete facilities for handling any ferrous alloy, 
including the stainless series, as well as titanium 
and other reactive metals, are available to the 
chemical, petroleum, power and other key in- 
dustries. 


Take advantage of this new, aggressive facility 
for your pipe requirements. Write, wire or tele- 
phone for detailed information or engineering con- 
sultation today. Our field engineers are at your 


service. 
87 Grider Street 


METALS PROCESSING * DIVISION 


CURTISS-WRIGHT 


CORPORATION © BUFFALO, NEW YORK 
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J-M 85% Magnesia offers excellent workability 


... from application to finished coat. 


Install lasting fuel savings and lower maintenance costs 


... with J-M 85% Magnesia 


At temperatures to 600F, no insula- 
tion is so widely used, or so closely 
associated with economy and increased 
operating efficiency as 85% Magnesia. 
Any wonder, then, that 71% of insula- 
tion maintenance engineers respond- 
ing in a recent survey made 85% 
Magnesia their first choice in its tem- 
perature range. 

There’s good reason for this over- 
whelming acceptance. For J-M 85% 


VILLE 


§)Y| Johns-Manville INSULATIONS 


MATERIALS * 


Magnesia offers many practical ad- 
vantages in both installation and serv- 
ice. Lightweight and readily workable, 
85% Magnesia assures fast, easy appli- 
cation. In operation, it provides the 
ultimate in insulating value—long life 
—virtually no replacement—and the 
very minimum of maintenance. 

To assure you maximum value in 
insulation application, Johns-Manville 
offers you complete planning and job- 


ENGINEERING °* 


insulation! 


site service . . . practical reeommenda- 
tions by the world’s most experienced 
insulation engineers, backed up by 
expert installation by J-M Insulation 
Contractors. 

Write today for further information 
on Johns-Manville 85% Magnesia 
Insulation. Address Johns- Manville, 
Box 14, New York 16, N. Y. In Canada: 
565 Lakeshore Road East, Port Credit, 
Ontario. 


FOR LASTING 
THERMAL EFFICIENCY 


APPLICATION 
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THE BAYER CO. 


MANUFACTURERS OF BAYER SOOT BLOWERS 
For Highest First and Final Value 
... BUY BAYER! 


Balanced Valve 


SOOT CLEANER 


Bayer’s single-chain design compels perfect in-step operation of valve and 
element. Operation is positive, definite, assuring a full flow of steam for 
efficient cleaning. 


When the operator pulls chain, the cam-actuated, quick-action balanced 
valve is opened. By continued pulling of the chain, worm drive slowly 
rotates element over cleaning arc. When element reaches end of cleaning 
arc, valve automatically closes. 


Minimum steam consumption—low maintenance. Every detail is en- 
gineered, built for long life, efficient performance at high temperatures and 
high pressures. 


More than 30,000 boilers are Bayer equipped. More than 45 years’ 
successful, specialized experience assures you investment economies 1n 
Bayer equipment. 


QUALIFIED LOCAL ENGINEERING SERVICE—Your Bayer representa- 
tive is an experienced engineer, well qualified to take care of any service 
needs in connection with Bayer Soot Cleaners. He is available when you 
call upon him and will gladly render any service required. 
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All These Mechanical and 
Operating Advantages 
are available in 


The BAYER . 
Balanced Valve 
SOOT CLEANER 


Sound engineering, 
workmanship, and 
materials of the best. 
An organization of 
over 45 years’ ex- 
perience, capable 
and willing to render 
service at all times. 


SINGLE CHAIN: Valve and element con- 
trolled by a single chain. 


VALVE BODY: Rugged construction, built 
to last. Short and ample steam passage 
giving very small pressure drop. 


ORIFICE PLATE VALVE: For high pressure 
service, each head may be controlled by an 
orifice plate valve through which pressure 
is adjusted for each individual element. 


STUFFING BOX: Due to maintenance of 
perfect alignment on swivel tube, packing 
needs little attention. Stuffing box is in full 
view, readily accessible. 


AIR SEAL: Has machined surface on wall 
sleeve and sprin3-hold floating seal to pre- 
vent air in-leakage. 


HEAD BEARINGS: There are two main 
bearings, an outboard and an inboard bear- 
ing for the swivel tube to maintain align- 
ment. 


THRUST BEARING: Ring type thrust bear- 
ing takes the load. 


VACUUM BREAKERS: Twe vacuum 
breaker air valves, or one valve and a 
signal whistle above each valve, to prevent 
suction of boiler gases into valve and 
piping. 


ELEMENT OPERATION: With the Bayer 
| t operation, bal valve is 
opened just as element rotates, giving 
FULL pressure over entire cleaning arc. 
Full steam pressure insures thorough clean- 
ing. Balanced valve saves wear of valve 
parts. With any type of poppet valve, this 
is important. ..ask any operator. 


BLOWING ARC: Valve cams automati- 
cally regulate cleaning arc. 


REDUCTION GEARS: 24 to 1 gear ratio 
gives slow rotation for good cleaning. 


FLANGED PIPE CONNECTION: Operating 
head is connected to supply pipe by flanges 
and through bolts, or high tensile studs and 
nuts. 





THE BAYER CO. 
St. Louis, Mo. 











How Buell’s Shave-off tips the scales 


MECHANICAL 


for Extra Dust Collection Efficiency 


3|| oa’ ones. 
i i j 2) .o 
muy, exciusSive Suet 
[ VE -O LYSaDS 
LA DIC-E 10) q ‘St. 
fOr EXTRA COLLECTION 
EFFICIENCY 


Buell’s Low Resistance Fly Ash Collector com- 
bines top efficiency with low draft loss, for 
either natural or mechanical draft installa- 
tions. Ideal for boilers from 100 to 2000 BHP. 


For more specific data about 
Buell’s extra efficiency, write 
Dept. 70-E, Buell Engineering 
Company, 70 Pine Street, 

New York 5, N. Y. 





Side entry of dust-laden 
gases through Buell- 
designed manifolds mini- 
mizes turbulence, raises 
efficiency even higher in 
Buell cyclones. Large- 
diameter design elimi- 
nates clogging and 
bridging. Heavy plate 
construction assures 
years and years of extra 
service life without re- 
pair or replacement. 


SF Electric Precipitator, a Buell exclusive, 
also delivers extra efficiency due to unique 
Spiralectrodes and Continuous Cycle Rap- 
ping of collecting electrodes. 


ue 


eecreicat Experts at delivering Extra Efficiency in DUST COLLECTION SYSTEMS 
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America’s Next Twenty Years 


Predicting what will happen in the future is a haz- 
ardous occupation, even under the most favorable cir- 
cumstances. But if one is willing to accept a trend, 
such as the birth rate, and to assume that no counter- 
trend will arise, then it is reasonably safe to make pre- 
dictions. This is what Peter Drucker has done in a 
recent book (Harper, $2.75) having the same title as 
this editorial. 

Based on studies of the birth rates for the past quarter 
century, Mr. Drucker comes to the conclusion that 
America will face a labor shortage, rather than a labor 
surplus, during the next twenty years. To meet this 
labor shortage it will be necessary to accelerate the use 
of automation, and Mr. Drucker cites the electric power 
generating industry as an example where the numbers 
of relatively unskilled operating personnel have been 
greatly reduced. 

Herein lies a paradox that may be overlooked. In the 
laudable desire to reduce power plant manpower, in- 
sufficient attention is sometimes given to the capitalized 
costs of centralized control and the wage differentials 
between relatively unskilled operators and highly trained 
technical personnel required to operate an almost fully 


Putting A Shoulder to the Wheel 


The Eddystone supercritical cycle conveys a rather 
special excitement to the mind of the average power engi- 
neer. The pressure and temperature levels involved 
made a review and a reappraisal of the entire philosophy 
behind present day power plant design imperative. At 
the Second Annual Power Forum, April 23, 24, of the 
Philadelphia section ASME, co-sponsored this year by 
the Pennsylvania Electric Assn., this review and re- 
appraisal was presented from the viewpoint of the 
major manufacturers involved and certain of the Phila- 
delphia Electric Co. principals. This approach resulted 
in an impressive meeting. 

But above and beyond the stimulation those in at- 
tendance drew from the individual accounts of problems 
faced and solutions attempted must have been one of 
strong admiration for the overall planning and coopera- 
tive spirit underlying the entire project. K. M. Irwin, 
vice president, engineering department of Philadelphia 
Electric Co., in the banquet address brought this point 
out quite clearly. He mentioned several cooperative 
supplier and purchaser research studies being conducted 
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automated power station. What is the ultimate in this 
trend? Is it the utility company with a centralized 
computation and dispatching center at its general 
offices automatically operating a group of power plants 
without operators and sending out maintenance crews 
only when an automatic data logger indicates potential 
trouble in a particular plant? Or is it possible that the 
sum of operating labor costs plus amortized capital 
costs already indicates that some power plants may have 
moved farther in the direction of automation and com- 
plete centralized control than is economically justi- 
fiable? Wherein lies the optimum point of minimum 
costs and most effective use of the labor force? 

These are all questions that must be faced sooner or 
later by those who design, own or operate power plants. 
If Mr. Drucker is right and labor shortages become 
acute, then the trend toward automation, even in the 
power industry which has the advantage of long ex- 
perience and an early start, will be greatly accelerated. 
But if Mr. Drucker is wrong, and should the wage 
differentials between skilled and unskilled personnel 
change markedly, then another look should be taken at 
the economics of centralized operation of power plants. 


for better understanding and better equipment develop- 
ment. These he felt vital to the success of the entire 
project. 

Unquestionably it is only prudent for the manufac- 
turer to sponsor and promote research leading towards 
orderly product development. But major break- 
throughs that can catapult an entire industry’s thinking 
beyond the level expected from the gradual advances 
of conventional practice to conditions imposing sharply 
new approaches and operating techniques require a 
community of participants; the old saw of everybody 
putting his shoulder to the wheel. Circumstances 
usually work against such concerted action. The papers 
at Philadelphia, with their free admission by the par- 
ticipants of a dependence upon one another, and the 
announced employment of a committee structure to 
promote an open exchange of progress reports bore 
testimony to the workability of such concerted action. 
Eddystone may well prove to be a milestone in the 
advancement of development techniques as well as in 
thermodynamic cycles. 
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The gas turbine has indicated promise of 
operating flexibility ever since its incep- 


tion. 


applied to power and process cycles. 


Today these promises have been 


This 


paper classifies the principal methods of 

combining steam and process with the gas 

turbine and points out certain of the boiler 

considerations involved in selecting par- 
ticular methods. 


Gas Turbine Boiler Applications 


By HENRY J. BLASKOWSKI and JOSEPH G. SINGER 


Combustion Engineering, Inc. 


GAS turbine can be incorporated into a steam 
power plant in ways that yield widely differing 
results. The questions of deciding how to com- 

bine the two and of deciding what percentage of the total 
power output is to be generated by each are for the 
consulting engineer to resolve with the assistance of 
turbine and boiler manufacturers. Although the com- 
bined efforts of all three are required for an efficient solu- 
tion, the functions and responsibilities of each are differ- 
ent. This paper reviews the problems presented to the 
boiler designer and describes some of the more recent 
solutions 


The engineering approaches to the analysis of gas- 
steam cycles result in arrangements that fall into four 
These are: (1) unfired heat re- 
covery and steam generating systems; (2) fired heat re- 
supercharged 


general classifications. 
covery and steam generating systems; (3) 
systems; and (4) closed cycles. 


Unfired Heat Rec overy 


The first classification breaks down into two types. 
One of these covers the general situation in which the 
gas turbine exhaust passes over an economizer or stack 
gas cooler, which functions as a feedwater heater by 
raising the temperature of the condensate in a regenera- 
tive steam cycle. This arrangement has been suggested 
in areas where rapid provisions for the handling of peak 
loads have been found necessary. Under peak load con- 
ditions, the gas turbine is fired and its products are ex- 
hausted to the stack cooler. The condensate circulated 
through the stack cooler is bypassed around one of the 
feedwater heaters. The extraction steam oridinarily re- 
quired for this feedwater heater is then made available to 
the turbine. This arrangement permits the heat re- 
covered from the gas turbine exhaust to be converted into 
additional power without the increased cost of steam 
generating equipment. 

Fig. | illustrates the equipment required for the applica- 
tion of a 25,000 kw gas turbine to peak a steam cycle 
presently capable of generating 215,000 kw. The exist- 
ing steam generating unit has a maximum evaporation of 
1,470,000 Ibs per hr and operates at 2400 psig at the super- 

* Presented by Mr. Blaskowski, November 16, 1956, at the Boiler-Turbine 


Seminar, El] Instituto Technologico y de Estudios Superiores de Monterrey 
Mexico 
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heater outlet. It has a primary steam temperature 
of 1050 F with reheat to 1000 F The stack gas cooler 
proposed substitutes for the two heaters used in the 
regenerative cycle, receiving the full feedwater flow and 
heating it from 353 F to 452 F. The gas turbine exhaust 
flow of 1,700,000 Ibs per hr enters the feedwater heater 
at 850 F and leaves at 490 F. The feedwater heater and 
connecting ductwork impose a 10-in. w.g. backpressure 
on the gas turbine. Although this gas turbine generates 
25,000 kw, a net gain of approximately 37,000 kw can be 
appreciated from the combined plant. The additional 
flow through the steam turbine, which increases its out- 
put by 12,000 kw, accounts for the difference. 

Another example of this type of application is shown 
schematically in Fig. 2, where two gas turbine-driven 
generators were added to a system having two steam- 
driven generators. Here the approach was somewhat 
different. The steam cycle contained only single low-pres- 
sure heaters capable of raising the condensate tempera- 
ture to 185 F. Recuperative feedwater heaters were in- 
stalled, each of which recovers 40 million Btu per hour 
from the gas turbine exhaust, raising the temperature 
of the water to the boilers to 295 F. The effect of the 
addition of the feedheaters following each of the gas 
turbine power plants was to increase both the overall 
station efficiency and the capability pf the steam cycle. 
Fig. 3 shows the two Combustion Engineering recupera- 
tors located outside the gas turbine room. 








Fig. 1—Application of a 25,000-kw gas turbine for peaking 
service permits using a stack cooler in the path of its exhaust 
to serve for feedwater heating 
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Fig. 2—Diagram shows gas turbine exhaust heat recovery 
cycle for steam plant feedwater heating 
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Fig. 3—Two recuperators in schematic, Fig. 2, are located 
outside building and each recovers 40 million Btu per hr. 


The other method for handling this unfired recovery 
problem is to generate steam from the turbine exhaust 
gas in a waste heat boiler. This is an arrangement that 
has been suggested at various times for the making of 
steam for process, power, and heating. Fig. 4 illustrates 
a simple design for such use. Since no means of firing 
fuel in this boiler is provided, the steam output is nearly 
directly proportional to the gas turbine electrical output, 


as shown in Fig. 5. It is characteristic of the simple- 












































Fig. 4—Waste heat boiler for 35,000 lb per hr evaporation 
employing the exhaust from a 5000-kw gas turbine, above 


> 
Fig. 5—Characteristic performance curves cf waste heat 
boiler for simple cycle, single-shaft gas turbine, right 
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cycle single-shaft gas turbine usually considered for this 
application that it produces substantially the same 
quantity of exhaust gas at all loads, but with sharply 
dropping exhaust temperature as kilowatt output de- 
creases. A superheater installed in such a boiler also has 
a dropping characteristic. The usefulness of this scheme 
depends upon the desirability of having a steam gen- 
erating unit in which the evaporation rate and steam 
temperature are direct variables of gas turbine output. 
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Fig. 6—Arrangement of exhaust-fed boiler and waste heat recovery equipment for a 16,500 kw gas turbine 


Fired Heat Recovery 


Gas turbine exhaust normally has about 80 per cent 
of the oxygen found in free atmospheric air. It is there- 
fore a medium capable of concurrently supplying to the 
furnace of a steam generator both sensible heat and 
oxygen for the combustion fuel. The second 
principal classification, comprising fired heat recovery 
and steam generating equipment, takes advantage of this 
fact and permits convenient subdivision into three 
categories as determined by the following conditions: 
(1) Combinations in which the turbine exhaust gas con- 
tains a quantity of oxygen much greater than that neces- 
sary for the supplemental fuel needed to produce the 
desired evaporation; (2) Combinations in which just 
enough oxygen is contained in the turbine exhaust to 
satisfy the needs for steam generation; (3) Combinations 
in which the amount of oxygen available in the turbine 
exhaust gas is less than that which is required for a 
given evaporation. 

For the first of these, the quantity of exhaust gas 
available is considerably in excess of that required to 
burn the necessary fuel. In other words, less steam is 
required than can be generated by making full use of the 
oxygen in the exhaust gas. A unit designed for this con- 
dition is shown in Fig. 6. It incorporates a tangentially 
fired boiler of the bottom-supported type operating in 
parallel with a large waste-heat recovery section. It has 
a maximum continuous evaporation of 210,000 Ibs per 
hr at 900 F and 850 psig at the superheater outlet and 
is designed to handle over 900,000 Ibs of turbine exhaust 
During combined operation a slight suction 


of a 


gas per hr. 
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is maintained in the furnace and a backpressure of less 
than 4-in. w.g. is imposed upon the gas turbine. About 
one-quarter of the exhaust flow passes through the 
burners to support the combustion of the fuel fired. 

Engineering studies and operating experience have 
shown that maintaining a constant weight flow of gas 
over a superheater through a wide range of loads can 
cause a rising total steam temperature with decrease in 
load. This characteristic, which is contrary to that 
exhibited by conventionally fired boilers, poses a serious 
problem of superheater metal selection, protection, and 
control. The difficulty has been resolved in the illus- 
trated design by dividing the superheater into two parts 
and locating the initial or low-temperature stage in the 
by-pass section before the economizer. This scheme 
operates to control steam temperature down to half load 
by proportioning gas turbine exhaust flow over the two 
sections of the superheater. 

It is often an important requirement for a steam genera- 
tor designed for these conditions to be able to function on 
its own when the gas turbineisdown. It therefore may 
be desirable to be able to obtain the same capacity and 
steam temperature when it is fired conventionally using 
atmospheric air. When operated in this way, increased 
gas and higher gas temperature are made available to 
the superheater than is the case when turbine exhaust is 
being utilized. Dangerously high steam temperature 
or excessive desuperheating would result if the entire 
superheater surface required for use with turbine exhaust 
were put in the boiler. Consequently, only sufficient 
superheater surface is installed in the boiler to obtain full 
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Fig. 7—Diagram of air and gas flows through a system using 
a catalytic cracking regenerator, gas turbine driven com- 
pressor and a CO boiler 


steam temperature with cold air firing, and the addi- 
tional surface required for combined operation only is 
placed in the stream of gas that bypasses the boiler. 

It might be noted at this point, that, for a given power 
output from such a combination of gas and steam tur- 
bines, there are three possibi ities: (a) the steam output 
can be held constant and the gas turbine plant made to 
take the load sw.ngs; (b) the gas turbine output can be 
held constant and the steam turbine made to take the 
load swings; or (c) both gas and steam turbines may be 
arranged to follow the load swings in unison. One of 
these methods of accepting load will effect a greater 
economy than the others. 

An extension to the application of this condition of high 
excess oxygen has recently been developed in the oil re- 
fining industry. It consists of a system in which the 
carbon monoxide-bearing gas from a petroleum cracking 
regenerator combines with the exhaust of a gas turbine 
to produce steam in what is commonly called a CO boiler. 
In the catalytic cracking of petroleum it is necessary to 
regenerate the catalyst continuously to maintain maxi- 
mum cracker output. This involves the removal of coke 
deposited on the catalyst in the cracking operation and is 
accomplished in a vessel called a regenerator, through 
which the hot spent catalyst is circulated and scoured 
with air to burn off the coke. Relieved of these deposits, 
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catalyst is returned to the cracker for further use. Fig. 
7 illustrates how this process is tied in with a fired steam 
generator and gas turbine. 

The gas turbine supplies mechanical power to drive 
an air compressor, which delivers air at about 30 psi 
to the regenerator where it burns off the coke from the 
circulating catalyst. The products of this reaction pass 
off as a 1050 F gas containing 6 per cent to 9 per cent 
carbon monoxide. The heating value of the gas averages 
about 40 Btu per cu ft of which half is attributable to the 
carbon monoxide content. Since this is insufficient com- 
bustible for stable buraing, the gas is burned together with 
a supplementary fuel, usually refinery gas or oil. The 
exhaust gas leaving the turbine at approximately 850 F is 
coriducted to the CO boiler, where half of it is used to 
supply the oxygen for both the regenerator ex t gas and 
the supplementary fuel The other half is reduced to 
stack temperature by a feedwater-preheating economizer. 
Fig. 8 shows a CO boiler design suitable for this cycle. 

The next type of fuel-fired unit is that in which the tur- 
bine exhaust is sufficient to burn the fuel fired with rea- 
sonable excess oxygen. Thus, for the same gas flow, a 
much higher evaporation is possible than when only part 
of the turbine exhaust is used. Such a situation will 
produce the most efficient combination of gas turbine 
and exhaust-fed boiler. The heat balance diagram in 
Fig. 9 is representative of an exhaust heat recovery 
cycle combining a 60,000 kw steam turbine with a 10,000 
kw simple-cycle single-shaft gas turbine. The arrange- 


ment incorporates a stack gas cooler that operates in the 
capacity of an intermediate feedwater heater in order 
to reduce the stack temperature to a level comparable to 
that of a straight steam cycle employing an air heater. 


Fig. 10 illustrates the organization of an 1800 psig/ 1000 
F/1000 F reheat boiler, economizer, and stack gas cooler 
set up for this type of application. At peak boiler load, 
the full flow of turbine exhaust gas enters the furnace 
tangentially along with the fuel. The products of com- 
bustion then pass over the superheater, reheater, 
economizers, and stack cooler, and are exhausted to 
atmosphere. The control of steam temperature is 
accomplished through bypass of turbine exhaust around 
the furnace. The size of this boiler is the same as one 





























Fig. 8—Combustion Engineering type VU-40 CO boiler of a 
size to deliver 200,000 lb per hr of steam at 650 psig, 750 F 
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Fig. 9—Heat balance diagram for steam-gas power plant combining 60,000 kw steam turbine, 10,000 kw gas turbine 


that would be selected for a conventional cycle with the 
same steam conditions. Its cost is increased somewhat 
by the stack cooler, but this additional expense must be 
balanced off against the saving entailed in omitting a feed- 
water heater from the condensate return line and in 
omitting an air heater 

The last condition for the fired type boiler used in con- 
junction with a gas turbine is one in which the exhaust 
contains insufficient oxygen to burn the fuel for the 
specified evaporation. Typical of this arrangement 
would be the operation of a 5000 kw gas turbine to supple- 
ment the power output of a 60,000 kw steam turbine, or a 
10,000 kw gas turbine to supplement a 120,000 kw steam 
steam turbine. The full exhaust of the turbine is 
passed through the boiler furnace, and an additional 
supply of air is introduced into the system by a forced 
draft fan. This air, being the coldest medium in the 
system, is utilized to further reduce the stack tempera- 
ture by employment of an air heater. Here again, a 
satisfactory solution is dependent very strongly on the 
percentage breakdown between the kilowatts produced 
by the gas and steam turbine generators, as well as on the 
efficiency of the steam cycle itself. In this case, these 
things affect the ratio of the air-to-gas weights passing 
through the air heater. This ratio is the indicator of 
the effectiveness of the air heater in reducing stack tem- 
perature. A careful evaluation should be made if the 
supplemental air weight is less than one-quarter of the 
gas weight, because the cost of the air heater will be 
difficult te justify. For maximum economy of operation, 
the forced draft fan and air heater must be kept in opera- 
tion at all times. Therefore, the use of this scheme 
seems to be limited to combinations in which the steam 
generating unit is base-loaded and load swings are taken 
by the gas turbine. 
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Supercharged Boilers 


In the supercharged cycle the furnace of the steam 
generator, operating at compressor discharge pressure of 
from 50 to 75 psig, acts also as the combustion chamber of 
the gas turbine. In this type of unit the compressor 
operates as a forced draft fan supplying combustion air 
to the furnace. The products of combustion are dis- 
charged from the boiler to the gas turbine and thus per- 
form useful work. Fig. 11 schematically illustrates the 
supercharged cycle. 

Although gas turbines with internal combustors have 
to operate at 400 to 600 per cent excess air, supercharged 
boilers with water-cooled furnaces can operate with ex- 
cess air values as low as 10 per cent. The gas turbine 
compressor is sized in accordance with the air require- 
ments of the steam generator as would be a forced draft 
fan. Combustion of all the fuel, both that required for 
the generation of steam and the operation of the gas 
turbine, takes place in the furnace of the steam generating 
unit. Steam can be produced at any pressure or tempera- 
ture and for any type of steam cycle. The high tempera- 
ture pressurized gas leaves the boiler and passes to the 
gas turbine where it produces only sufficient power to 
drive the compressor under one method of operation, or 
to drive the compressor and generate additional power 
under an extension of this method. 

Under the first consideration, where no additional 
power is produced by the gas turbine, the justification for 
the use of this cycle, as against the use of a conventional 
boiler operating with a forced draft fan, is in the reduc- 
tion of the size of steam generating equipment made 
possible by the increased gas radiation rate in the fur- 
nace and higher heat transfer rates in the convection 
banks. These increased rates result from the high pres- 
sure level and higher pressure drops that are made avail- 
able in such a system. 
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Fig. 10—An 1800 psig, 1000 F, 1000 F reheat boiler, economizer and stack cooler has been set up for full flow of exhaust 
gas at peak boiler load. Steam temperature is controlled by bypassing turbine exhaust around the furnace 


Under the second consideration, by raising the tem- 
perature of the combustion products to the turbine by 
400 degrees F to 600 degrees F, excess power is generated. 
With a supercharged cycle in which such additional power 
is produced by the gas turbine, the advantage to be 
gained is a compact steam generating unit with a bonus 
of low cost gas turbine-generated power. 

Although the prospect of a smaller steam generator 
makes this scheme attractive, there are items that detract 
from the possible economic advantages. One of these 
is that a reduction of surface does not, in all cases, mean 
a proportionate reduction of cost. For less surface to do 
the same job, it is necessary for it to operate at higher 
metal temperatures and, consequently, to be made of 
better materials. Further, the engineering and fabrica- 
tion considerations required to make this arrangement 
into a working affair are extensive and costly. It appears 
that this will be so for some time, anda the first few in- 
stallations for utility or large industrial use will probably 
be made by organizations that have venture capital to 
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spare and will not consider them sources of firm power. 
The fact that the steam generating equipment occupies 
less space indicates a reduction in capital outlay for build- 
ing and property. However, this advantage is somewhat 
offset by the space provided for the gas turbine. 

To date, domestic investigations into this type of cycle 
have been restricted to those in which clean-burning 
fuels are used. Considerable work is still required be- 
fore this scheme can be adapted for coal or commercial 
grades of fuel oil. 


Closed Cycle Gas Heaters 


The last consideration is the closed cycle. Fig. 12 
points out the difference between the simple open cycle 
and the basic closed cycle. In the open cycle, atmo- 
spheric air is compressed, raised in temperature in the 
combustion chamber, and passed to the turbine, which 
exhausts it toa stack. In the closed cycle, however, the 
turbine exhaust gas is passed through a precooler and 
then readmitted to the compressor. The gas leaves the 
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compressor under pressure and is passed ox to a gas 
heater, which may be of the separately fired or integral 
convection type. Here, its temperature is raised to 
about 1200 F. It is then admitted to the gas turbine, 
from which it is again recycled through the precooler. 

The advantages that this cycle seems to offer are, first, 
that air, nitrogen, or other gases can be used, and, be- 
cause mixing with the products of combustion does not 
occur, clean gas is delivered to the turbine; and, secondly, 
since the circuit is closed and the working medium is 
isolated, any type of heat exchange device, fired with any 
fuel, can be used without introducing any complications 
that are not had with existing types of steam generating 
equipment for the same temperatures and pressures. 

Possibly the best application of the closed cycle system 
lies in its use with a conventional regenerative steam 
cycle. Here, the gas heater may be handled in the 
same manner as a superheater or a reheater convection 
bank to produce a balanced power output with the steam 
‘cycle. Such an arrangement appears to offer good possi- 
bilities for effective use in combined gas-steam cycles. 


Conclusions 


The thermodynamic and operating characteristics of a 
combined steam-gas power plant are a composite of 
those of the steam turbine, gas turbine, and steam gen- 


erator. The complexity that can result calls for close 


Fig. 12—Differences between the simple open cycle gas tur- 
bine as against the basic closed cycle are shown here 


TURBINE 


COMPRESSOR 
GENERATOR 


COMBUSTION CHAMBER 


SIMPLE OPEN CYCLE 





HIGH-PRESSURE GAS 
= 





steam TO 
FEEOWATER STEAM TURBINE 








FEEOWATER 
eR 
> ECONOMIZE 























Gas 
TURBINE 





GENERATOR 








+ 











ar oe 


Fig. 1l—Supercharged cycle makes use of gas turbine in the 
manner shown above. Here the boiler discharges gaseous 
products of combustion direct to the gas turbine 


cooperation between turbine and boiler designers to en- 
able them to present a valid picture of the economics 
involved. The classifications of combined plants sug- 
gested in this paper will be of assistance in (1) determin- 
ing the particular category into which desired boiler or 
heat recovery equipment will fall, (2) defining exactly 
what is required of steam generating equipment to be used 
with gas turbines, and (3) indicating the direction in 
which to concentrate engineering effort. 
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APCA Plans June Meeting 


The Golden Jubilee meeting of the Air Pollution Con- 
trol Assn. co-sponsored by the Pollution Control commit- 
tees of the ASME, the American Meteorological Society, 
the American Institute of Chemical Engineers and the 
American Society of Heating and Air Conditioning Engi- 
neers, is scheduled for the Hotel Sheraton-Jefferson, St. 
Louis, Mo., June 2—6, 1957. Eleven technical sessions 
will be held over a three-day period, Monday, June 3, 
through Wednesday, June 5. Thursday, June 6, has 
been reserved for a control official’s conference. 

This is the first year that the APCA Meeting has been 
co-sponsored. The individual societies are scheduling a 
number of sessions with speakers and subject matter of 
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interest to their specific membership. Two papers of 
particular interest to power field people will be given on 
flue gas scrubbing. The one is a description of the Ful- 
ham-Simon-Carves process and the second is based on 
cost estimates of scrubbing to remove sulfur dioxide. A 
review and appraisal of air pollution legislation is also 
scheduled. One of the AIChE papers will cover the dis- 
posal of gaseous effluents from nuclear power plants. 

The social side of the meeting will feature addresses by 
Benjamin Linsky, president of the APCA, and by R. A. 
Tucker, mayor of St. Louis. Mr. Tucker was very prom- 
inently identified with the early work of establishing the 
St. Louis ordinance for air pollution control. 
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Trane saves $27,000 a year 
burning coal the modern way 


Consult an engineering firm 


Designing and building hundreds of heating and power installa- 
tions a year, qualified engineering firms can bring you the latest 
knowledge of fuel costs and equipment. If you are planning the 
construction of new heating or power facilities—or the remodel- 
ing of an existing installation—one of these concerns will work 
closely with your own engineering department to effect substan- 
tial savings not only in efficiency but in fuel economy over the years. 


facts you should know about coal 


In most industrial areas, bituminous coal is the lowest-cost fuel 
available * Up-to-date coal burning equipment can give you 
10% to 40% more steam per dollar ¢ Automatic coal and 
ash handling systems can cut your labor cost to a minimum. 
Coal is the safest fuel to store and use * No smoke or dust 
problems when coal is burned with modern equipment ¢ Be- 
tween America’s vast coal reserves and mechanized coal 
production methods, you can count on coal being plentiful 
and its price remaining stable. 


As part of its current $12 million expansion 
program at all locations, The Trane Company, 
La Crosse, Wis., a major air-conditioning and 
heating equipment manufacturer, has recently 
modernized its power plant. Steam generating 
facilities were changed over entirely to a coal- 
fired operation and a 70,000 Ib./hr. boiler was 
added. Coal and ash handling is automatic. 

Trane has found that burning coal the modern 
way pays off in several ways. Overall cost of 
steam generation is cheaper. Fuel supply is read- 
ily available and dependable. And fuel cost 
savings amount to 25% over the next most 
economical fuel, totaling about $27,000 a year 
for the La Crosse plant alone. 

For further information or additional case his- 
tories showing how other plants have saved money 
burning coal, write to the address below. 


BITUMINOUS COAL INSTITUTE 
Southern Building * Washington 5, D.C. 
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General view looking north; vapor container at left Loading dummy fuel elements 


HE Army Package Power Reactor at Fort Belvoir, 

Virginia, which was first test operated on April 8, 

1957, was dedicated on April 29. Wilber M. 
Brucker, Secretary of the Army, and Lewis L. Strauss, 
Chairman of the Atomic Energy Commission, partici 
pated in the ceremonies during which the power output 
of the plant was utilized to operate a radar antenna and a 
printing press. 

Alco Products, Inc., contracted with the AEC to 
build this reactor on the first fixed-price contract let in 
this country for an atomic reactor. The contract, origi 
nally for $2,096,753, was awarded on December 10, 1954, 
and ground was broken on October 5, 1955. Stone & 
Webster Engineering Corp. served as engineer-constructor 
for the project. Estimated overall construction cost, 
including architectural engineering, fuel element fabrica- 
tion, testing and training operation, is $3,500,000. 

The pressurized-water reactor is of the heterogeneous 
type employing light water moderator and fully enriched 
uranium. It has a heat output of 10,000 kw and a net 
electrical output of 1975 kw at 1.5in. Hg. Rated steam 
flow is 34,070 Ib per hr at 200 psia. Average reactor 
heat flux is 55,900 Btu per hr per sq ft. 


Overhead view of the core structure Central control room showing graphic panel 
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Isometric drawing of the 
reactor vessel, core and 


control rod structure , 
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Costs of Cation Exchange Equipment 


By R. F. PEAK, Cascade Cartridge Co. and M. M. DAVID, University of Washington 


Demineralizing equipment is widely used 
in central stations, and its réle in produc- 
ing high-quality makeup is thoroughly 
understood. Because of the competition 
of different methods for demineralization, 
much information has been published on 
the advantages and disadvantages of vari- 
oustypes. By contrast, little information 
has been published on costs. This article, 
which originally appeared in the January 
issue of Chemical Engineering Progress (Vol. 
53, No. 1, pp. 37d-40J) and is reprinted by 
permission of the American Institute of 
Chemical Engineers, therefore fills a need 
for having cost data available for estimat- 
ing purposes. 


HE major use of ion exchange in the past was in the 

water-treating field. Hence, much of the available 

cost data for ion exchange materials and equipment 
has been reported on the basis of amounts, compositions, 
and rates of water to be treated. However, the rapidly 
increasing utilization of ion exchange in many other 
fields often requires examination of the feasibility of using 
various combinations of bed sizes, shapes, and flow 
arrangements; for this purpose it is desirable to have 
cost data available in more basic form and in larger 
quantity. Monet (3) and Mindler and Paulson (2) have 
made contributions in this direction, but considerably 
more data are necessary to permit satisfactory working 
estimates of ion exchange equipment costs. Accordingly, 
information of this type for cation exchange equipment 
has been compiled from the literature and obtained from 
ion exchange equipment manufacturers, and is presented 
in the following sections. In addition some data on 
anion exchange equipment and other costs have been 
computed and are also presented. 

Companies furnishing data for the study are listed 
hereinafter. Each company contributed at least ten 
datum points, with the majority of companies furnishing 
many more than the minimum. In part, price informa- 
tion furuished by the companies represented working 
estimates, rather than exact costs. All the cost data have 
been corrected to an “Engineering News Record’’ Con- 
struction Index of 650 (Marshall Stevens Index of 190). 


Sodium Cycle Operation 


The f.o.b. costs of mild steel ion exchange units with 
sodium chloride regenerant are shown in Figs. 1 and 2 as 
a function of bed volume. Each of the curves shown is 
based on more than 250 datum points. The data spread 
is only +15 per cent, even though variables of pipe 
diameter, bed diameter, and tank shell thickness were 
ignored. Solo-valve and multivalve units were indis- 
tinguishable in cost, and all units have been plotted on 
the same curves. The cost ratio of duplex- to single-bed 
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units is 2:1 for either polystyrene or. synthetic zeolite 
exchange materials. 

Recommended flow rates for these units are generally 2 
to 3 gpm/cu ft for the smaller beds and approximately 8 
gpm/sq ft of bed cross-sectional area for the bed depths 
of 36 in. or more. However, some manufacturers state 
that flow rates up to nearly twice these will not ma- 
terially reduce bed capacity. Most of the units have 
depth-to-diameter ratios falling within a _ prescribed 
range (see Fig. 11). For depth-to-diameter ratios defi- 
nitely below the range of common usage, an additional 
cost of 10 per cent should be added to the values in Figs. 
1 and 2 because of the larger diameter tank needed. 
Conversely, a large depth-to-diameter ratio results in 
lower equipment cost. 

The slopes of the cost lines in Fig. 1 are approximately 
0.86, which is higher than the usual scale-up exponent 
for equipment costs. This high value is due partly to the 
cost of the resin, which is essentially a linear function of 
the bed volume. In addition the increased complexity 
of the collection and distribution systems of the larger 
units tends to raise their costs. The difference in price 
of a high capacity polystyrene resin unit (Fig. 1) and a 
medium capacity zeolite unit (Fig. 2) of the same bed 
volume reflects not only the difference in cost between 
the two exchange materials but also the smaller tank 
size generally used with the latter material (see below). 
In addition a smaller regenerant makeup tank is required 
for a given volume of medium capacity exchange material 
than for the same bed volume of high capacity resin. 
The prices shown in Figs. 1 and 2 are relatively close 
when compared on an exchange capacity basis. 


Notation 


To simplify understanding, the following definitions are 
presented: 

High-capacity resin. A sulfonated cross-linked poly- 
styrene resin with a capacity of approximately 30 kilograins 
(CacO,) er cu ft when regenerated with 15 lb of salt per 
cu ft. xamples are Amberlite IR-120, Nalcite HCR 
(Dowex 50), Permutit Q, and Chempro C-20. 

Medium-capacity resin. A sulfonated polystyrene resin 
with a capacity of approximately 20 kilograins per cu ft at 
a salt dosage of 5 lb per cu ft. Examples are Duolite C-25 
and Amberlite IR-112. 

Synthetic zeolite. A synthetic, inorganic gel material of 
the sodium aluminosilicate family, with a capacity of 
approximately 15 kilograins per cu ft at a salt dosage of 6 
lb per cu ft. Examples are Nalcolite and Crystalite. 

lo-valve unit. An ion exchange unit with a multiple- 
port valve so arranged that flow of treated solution, back- 
wash water, regenerant solution, and rinse water are all 
controlled by the single valve. 

Multiple-valve unit. An ion exchange unit whose oper- 
ation is controlled by valves located in the several pipe 
lines supplying the unit. The flows of feed, regenerant 
solution, rinse, and backwash require the operation in the 
proper sequence of more than one valve. 

Single-bed unit. An ion exchange system consisting of 
one bed cf exchange material, one reaenerant make-up 
tank, and the necessary piping and valves. 

Duplex-bed unit. An ion exchange system containing 
two beds of exchange material, one regenerant make-up 
tank, and the necessary piping and valves to permit opera 
tion of either bed while the other is being regenerated. 

Bed volume. The volume occupied by the exchange 
material only. 
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Fig. 1.—Costs (f.0.b.) of mild steel 
cation exchange units, high 
capacity resin 


Acid Cycle Operation 


Cation exchange systems employing an acid regenerant 
generally use rubber-lined or stainless steel equipment, 
and the f.o.b. costs of such units as shown in Fig. 3 are 
higher than those for sodium cycle units. All original 
cost data obtained for these types of system were for 
single-bed units, and the prices of the duplex units were 
computed from these original data. The curves for 
single-bed units are each based on less than twenty-five 
datum points. For comparative purposes the costs of 
standard sodium cycle mild steel units with high capacity 
resin are included in Fig. 3. 

The cost of duplex stainless steel units was computed 
by two methods: (1) by use of the duplex-to-single bed 
ratio for standard mild steel units; and (2) by the addi- 
tion of the costs of an extra tank, necessary valves, and 
resin to the cost of a single unit. The ratio method re- 
sulted in cost figures 3 per cent higher for small units and 
20 per cent higher for large units. The curve shown is 
a compromise between the two sets of values. 

The slope of the curve for single-bed stainless units is 
0.78, which is closer to the common 0.6 scale-up factor 
and reflects the increased cost of the tank and pipes. 
As a rule of thumb, acid-cycle unit costs are often esti- 
mated at 1.75 to twice those of standard sodium-cycle 
units. Data of Fig. 3 suggest this is satisfactory for 
rubber-lined units, but indicate that the factor should be 
2.5 to 3 for stainless steel equipment. 


Installation 


Three types of installation costs for cation exchange 
units are shown in Fig. 4. The lowest pair of curves 
represents the expense of hooking up a unit after it has 
been erected on a prepared foundation. The middle pair 
of lines presents the cost of erection plus piping hookup. 
The top pair of lines represent total installation costs, 
that is, all costs except freight, which must be added to 
the f.o.b. price to provide the ‘total installed price. The 
lower pairs of lines are from values provided by equip- 
ment manufacturers and are based on approximately 
sixty datum points. The highest pair of lines was com- 
puted by the method of Lang (1), and the values thereon 
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Fig. 2—Costs (f.0.b.) of mild steel 
cation exchange units, m 
capacity synthetic zeolite 
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Fig. 3—Costs (f.0.b.) of acid cycle 
cation exchange units with high 
capacity resin 


edium 


include cost of a foundation (as 5 per cent of purchase 
cost plus freight) and transportation of equipment from 
railyard to job site, erection, and hookup (as an addi- 
tional 17 per cent of purchase cost plus freight). Lang’s 
factor of 8 per cent for supports and platforms has been 
considered as included in the purchase price of the units, 
since ion exchange units are commonly sold and shipped 
completely fabricated, with all necessary parts included 
The cost of freight needed for Lang’s method was taken 
as $27.50/1000 Ib and was based on an 800-mile skip- 
ment. _ 
Installation costs of Fig. 4 can be added to the purchase 
prices of Figs. 1, 2, and 3, to obtain installed costs exclu- 
sive of freight. 


Automatic Controls 


Automatic controls on a cation-exchange unit are 
definitely an additional expense and are so quoted by 
manufacturing companies. Approximate prices for auto- 
matic controls for a single-bed unit are shown in Fig. 5. 
These costs are for manually or time-clock initiated 
programming of the regeneration cycle. Completely 
automatic regulation of the exchange cycle, controlled by 
gallonage or effluent quality, will be more expensive be- 
cause of the additional instruments and controls required. 
To a considerable extent, the cost of automatic controls 
is dependent on the pipe size used with a unit. Accord- 
ingly, dashed lines have been included in Fig. 5 to indi- 
cate the pipe size commonly used with various bed sizes 
and the cost of control equipment for that pipe size. 

Use of automatic controls on a duplex unit usually will 
require a duplication of the controls and valves for a 
single unit and also cross-over valves and interlocks. 
Hence, automatic controls for a duplex unit will probably 
cost from 2'/; to 3 times as much as for a single-bed unit. 


Small Units 


A limited amount of cost data was collected for small 
deionizing units which perform both cation and anion 
exchange. These data are presented in Fig.6. The upper 
two curves are for units in which separate beds are used 
for cation and anion exchange; the lower curve is for 
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Fig. 4—Installation costs for cation 
exchange units 


monobed units. It should be noted that the bed size for 
the monobed units is the total bed size (with the cation 
exchange material occupying approximately half the total 
volume), but the bed size shown for the multiple-bed 
units is the size of each single bed. Generally the cation 
and anion exchange beds were nearly the same in size. 
All the small units were equipped with either a purity 
meter or automatic controls, the cost of which is included 
in the prices shown. 

The installation cost for a small unit should approxi- 
mately equal the cost of hooking up a single-bed standard 
unit, if the special unit is shipped completely assembled 
and mounted on skids. If the unit is not factory as- 
sembled, the installation cost would be that for the same 
number of standard beds of the same size. 


Ion Exchange Resin 


The information collected on the costs of ion exchange 
materials is summarized in Table 1. The sale of ion ex- 
change resins is an extremely competitive process in 
which the actual manufacturer usually markets his prod- 
ucts through equipment and engineering firms. This is 
similar to the customary wholesaler-retailer-consumer 
system of distribution. Hence, even more variation in 
cost can be encountered than is indicated in Table 1. The 
prices quoted by the exchange material manufacturers for 
direct sale of small quantities are sometimes slightly 
higher than those quoted by the equipment sales com- 
panies for replacement resin. 


rABLE 1—RESIN PRICES AS QUOTED* 
Price 
L.C.L. lots 
Small lots, 10-200 
1-9 cu ft cu ft 
Chempro C 20 $30.00 $21.00 
25.00 


Resin 
High capacity polystyrene resins 
Amberlite IR-120, Dowex 50, Nalcite HCR, etc 32.00 
Medium capacity resins and synthetic zeolites: Duo 23.00 9.00 
lite C-25, Illeo C 21, Eltorex, etc 25.00 2.00 
Amberlite IRA-410 and IRA 74.00 15.00 
Duolite A-2 etc 88.00 5.00 


A 
Weakly basic resins:t Amberlite IR IRA 45; 47 00 38.00 
Nalcite WBR; Duolite A-2, A-7, A 


Strongly basic resins:t 
400; Nalcite WBR 


A 
A-4B 
114; ete 68.00 10.00 


‘ 


* Prices for greensands and sulfonated coals were not solicited because of 
their decreasing usage, especially in cycles inolving fluids other than water 

t Data for prices of anion exchange resins were collected for calculations 
and estimates of the cost of anion exchange units Ihe material is incomplete 
and is presented as a guide only 
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Fig. 5—Costs of automatic controls 
for single bed cation exchange units 
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ion exchange units 


Derived Cost Data 


Data solicited from manufacturers in the present study 
were limited to cation exchange equipment. Because of 
the expanding interest in special ion exchange cycles, the 
preceding data have been used to compute costs of anion 
exchange equipment and of the equipment without resin. 
Computed costs for anion exchange equipment agree 
sufficiently well with published values (2, 3) to provide 
confidence in their use for preliminary cost estimates. 
However, the data presented in this section are intended 
only to serve as a preliminary guide. 

Anion exchange equipment cost data are presented in 
Fig. 7. These were obtained by adding the difference in 
cost between anion exchange material and cation ex- 
change material to the cost of the corresponding cation 
exchange unit. The cost of the anion exchange resin was 
taken as $71.50/cu ft and of the cation exchange resin as 
$21.50/cu ft. These prices are somewhat higher than the 
cost of the resins to the equipment manufacturer. 

The costs of “empty” ion exchange units shown in 
Figs. 8 and 9 were computed by two methods: (1) sub- 
tracting the cost of the resin from the cost of the unit 
given in Figs. 1 through 3; and (2) adding costs of the 
valves, tanks, and regenerant makeup tank. In the 
second method it was not feasible to assign costs to the 
regenerant and feed distribution and collection systems, 
and accordingly the curves in Figs. 8 and 9 have been 
drawn to favor the values computed by the first method 
as indicated. 


Bed Weights, Depth Per Diameter Ratios 


Information on shipping weights of cation exchange 
units is necessary for computing shipping charges and pre- 
paring foundations. This information is presented in 
Fig. 10 for sodium-cycle units. The weight of an ion ex- 
change unit varies considerably less for a given size unit 
than does the cost. The curves shown are for both resin 
and synthetic zeolite units, as all the data grouped well 
into the two lines given. Equipment filled with synthetic 
zeolite tends to have a slightly smaller shipping weight 
than resin-filled equipment. Synthetic zeolites are 
generally used in deeper beds and the units have a smal- 
ler free volume for backwashing. Hence, the tank size 
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Fig. 7—Estimated costs (f.0.b.)for anion 
strongly basic resin exchange units 
needed for a given volume of exchange material usually is 

smaller. 

Specifications of the manufacturers were used to find 
the depth-to-diameter ratios of standard cation exchange 
units, as plotted in Fig. 11. As referred to previously, 
values lying below the major grouping of points represent 
larger tank diameters with concomitant higher equip- 
ment costs. Standard tanks are customarily used for ion 
exchange equipment, and such tanks ave usually available 
from stock in 6-in. increments of diameter. The designer 
of special cycles can select his bed diameter accordingly 
and take advantage of the lessened cost. 


Engineering 


In the design of ion exchange equipment for special 
purposes, interpretation of rate and of equilibrium data 
requires judgment and experience. Most manufacturers 
of ion exchange equipment prefer to protect the reputa- 
tion of their equipment by assisting the customer in pre- 
paring the design. The normal amount of custom design 
engineering represents an additional charge of 10 to 12 
per cent of the purchase cost. Special laboratory work to 
establish suitable resins and optimum operating condi- 
tions will add still further expense. 
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Fig. 10—Shipping weights of mild steel cation exchange 
units (complete with resin and bed support gravel) 
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Fig. 8—Estimated costs for ‘‘empty”’ 
mild steel ion exchange units 
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Fig. 9—Estimated costs (f.0.b.) for 
“empty’’ acid cycle ion exchange units 
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Fig. 1—Power plant wastes are gradually coming undercon- photo shows a demonstration at the Agglomeration Labora- 
trol and within ten years will be valuable materials. Above tory of Koppers Co. wherein boiler flyash is being trans- 
formed into a usable lightweight aggregate for concrete 


A Power Engineer Looks Ahead Ten 


Years 


This article is based on a paper before 
the Conference of Metropolitan Student 
Chapters of the American Society of Civil 
Engineers, Nov. 3, 1956. It describes the 
growth potential of the power industry so 
effectively to all student engineers, civil or 
otherwise, that we offer it to our readers 

as a possible aid in recruitment 


N discussing what appears to lie ahead in the next 

ten years—for the civil engineer in the field of power- 

it is necessary first to take a brief look backward. 
Since 1900 the electric power industry has reduced 
fuel consumption from 7 lb of coal per kilowatt-hour to 
less than one pound. See Table I. In the face of rising 
coal prices, this means that today the cost of coal for 
producing electric energy, in mills per kwhr, is no more 
than it was in 1900. See Table II. Put another way, 
if there had not been this improvement in thermal 
efficiency, and we were compelled today to accept the 
thermal performance of 1900, the entire coal producing 
capacity of all the nation’s coal mines would be in- 
sufficient to meet the demands of the electric industry 


*Reprinted by pern on from Civil Engineering, December, 1956, pp 62 
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alone. There would not be enough coal for the power 
industry, let alone for any other uses. 

This is only one item that can be cited in the march 
of progress, and there is no good reason to suppose 
that the march will be stopped in the next ten years. 
It cannot be as spectacular in the improvement of fuel 
economy but there are plenty of other areas in which 
progress can be made. Some people advise young 
engineers to shun the power field. Their advice is 
predicated on the belief that no more progress can be 
just a repetition of the same old story. 


expected 
There 


Those who wish to accept that view can do so. 
are others who visualize many changes, and most of 
those changes will have an impact on the civil engineer- 
ing branch of the profession. Let us look at some of 
the probable influences. 
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TABLE I 
MANCE 


Overall Plant Heat 
Rate, Btu per Kwhr 
A pprox 
90 , 000 
60,000 

000 
000 
400 
14,000 
12,200 


oO 
Year 
1900 
1910 
1920 
1930 
1940 
1950 
1954 


The Fuel Picture 


Every rational estimate of the growth of the electric 
power industry indicates a doubling of the installed 
capacity in the next ten years, as shown in Table III. 
This would mean the burning of some 250,000,000 tons 
of coal a year, approximately half the entire bituminous 
coal output of the nation today (Table IV). This coal 
will be transported in many different ways—by rail, 
barge, and truck. If we assume no improvement in 
the methods of carrying coal, it seems as incongruous to 
supply coal by car or truck to a single boiler unit burn- 
ing 3 or 4 tons a minute, as to use wheelbarrows instead 
of carryalls for moving earth, or wooden barrels instead 
of tank cars for transporting oil. Belt conveyor systems 
for crushed coal, or pipelines, should be competitive with 
existing methods of moving coal—even with the elec- 
tric transmission line in some areas. In considering the 
development of alternative methods of transporting 
coal it should be recognized that the present cost for 
transportation alone frequently exceeds the cost of the 
coal at the mine. This high cost of transportation is a 
tremendous incentive to the development of new devices 
or systems for moving coal more cheaply. 

It is not logical to expect that, in the thermal power- 
houses of the future, the size of coal bunkers will be 
greatly increased. Today’s construction costs for bun- 
kers, with heights of 100 ft and loads in thousands of 
tons, offer limitations that call for a new approach to the 
problem. It is reasonable to expect an extension of the 
current trend toward the outdoor type of power plant. 
Even metal and asbestos-type siding will be eliminated 
as was the tapestry brick and limestone trim of the 
old-style plants. This will introduce new structural, 
and maintenance problems to meet the 
interrelated vagaries climate, cost, and plant reli- 
ability. The figures cited on coal consumption in 
Table IV will stir the engineer's imagination and inspire 
him to seek out alternative sources of raw energy. 
Petroleum and natural gas should find decreasing use 
for stationary power applications because of cost and 
the increasing demands of mobile power plants. Hydro 
power also will become of less significance in the nation’s 
See Table V. Some favored regions, 


operational, 
of 


power picture. 


OAL PRODUCTION AND ITS 
ECTRIC i add POWER 
PLANTS OF Ss 


rABLE I\ 
USE BY 


COA 


Coal burned in util 
ity power plants 
Per 
cent 
1.6 
> 


otal Bit 
Coal produc 

tion, tons Tons 
000 4+, 250, 
000 12,500, 
000 29,000, 
000 28 ,000 , 000 
000 66 ,000 , 000 
000 90 , 000 , 000 
000 118,000, 000 
000 144,000,000 
000 150,000 , 000 


Year 
1902 260 
1912 450 
1922 422 
1932 310, 
1942 583 
1947 631 
1954 392 
1955 465 
1956* 500 


000 
000 
000 


000 
000 
000 
000 
000 
000, 
000 
,000 
000 


* Estimated 


TION OF ELEC TRICIT 
U TILITY POWER 


Dollars per ton 


equivalent 


3 
5 
3 
3 

> 
a) 
6 


TABLE III IMATED ANNUAL ELEC 
TRIC U FILITY GENERATION OF U.S 
Projected from 1950 figure of 329 billion kwhr 

Billions of Kwhr Based on 
Annual Growth of 
6% 8% 
440 
590 
820 1 
1,050 1 


PL ANTS” 


— per Year 

VHR 4% 
1955* 400 
1960 190 
1966 610 
1970 720 


coal 


480 
700 
100 
500 


52 t 
31 6.: 
30 

80 

60 

21 * For the year 1955, the 
25 546 billion kwhr 


29 


actual production was 


Pacific Northwest, will continue their hydro 
The entire hydro potential of the country 
is estimated to be of the order of 100 million kw, and 
500 X 10° kwhr in an average water year—if every 
potential site were harnessed. This complete harnessing 
is admittedly impossible; there are too many other needs 
for water. 

Perhaps the most significant piece of evidence that 
can be found on the dwindling relative importance of 
hydro power is the fact that the TVA is already the coun- 
try’s largest coal buyer, and its purchases account for 
more than one tenth of all the coal used by the entire 
electric industry in the United States. Or again, from 
the viewpoint of the world as a whole, it should be re 
membered that ‘The burning of dung is a larger contrib- 
utor to the world’s energy than water power, in fact, 
ten times as large’ (G. G. Brown, “Thinking Ahead 
Nuclear and Solar Energy,’ Harvard Business Revieu 
Vol. 34, No. 17, 1956). 


like the 
development. 


Large Nuclear Fuel Reserves 


There are other sources of raw energy like the tides, 
the wind, the waves, and the sun, but these offer little 
likelihood of being harnessed in ten years, or even in 
fifty. But the energy in the nucleus of the atom is 
something else again. Many estimates have been 
prepared to show the magnitude of the world’s nuclear 
fuel reserves (Table VI). Compared to fossil fuels, 
these reserves are at least twenty times as great, by 
even the most pessimistic estimates. So any atomic 
power plant has ample assurance of a continuing raw 
fuel supply, that is, in this country, if Uncle Sam is 
willing to let it have the fuel. 

Many technical, legal, and economic problems remain 
to be solved before the nuclear plant will be competitive 
with other methods of generating power. But the time, 
talent, and money at present being devoted to the per- 
fection of reliable and economic nuclear plants are 
sure to result in practical solutions. The only pertinent 
conjecture is, when will the goal be attained? Ten 
years may be too soon. But we should be close to it 
by 1966. Some consequences of the advent of the 
atomic power plant, to the civil engineer, will be: 

1. There will be no fuel transportation problem, 
since uranium and thorium are ‘‘weightless’’ fuels. 

2. The problem of securing water for condensing 


TABLE V.—SOURCES OF ENERGY FOR 

GENERATION OF ELECTRICITY IN U.S 
ELECTRIC UTILITY POWER PLANTS 

Percentage 

Fuel 

61.2 

62.2 


from 
Year Hydro 
1922 
1927 
1932 


t 
1937 0 
t 


8 

63 
1942 65 
1947 69 
1954 7 


9.3 
77.3 
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Fig. 2—The trend towards outdoor power plants such as the 

Montrose Station of Kansas City Power & Light Co. will 

continue into the future and bring with it new structural, 
operational and maintenance problems 


service will be magnified because of the poor heat 
rates which accompany the use of low steam pressures 
and temperatures, as at present planned for atomic 
plants. 

3. In meeting containment requirements to reduce 
the damage from an accident to the pile, there will be 
structural problems—to be solved by spheres, cylinders, 
and underground construction. 

4. Disposal of wastes and spent fuels will pose prob- 
lems under conditions which dwarf the present ones of 
disposal of refuse from coal-burning powerhouses. 
Encasement of atomic wastes in concrete and burial in 
the ocean will not necessarily be the solution, considering 
the long periods of radioactivity involved and the 
difficulty of transporting such contaminated wastes. 


Power Takes Water 


The water problem is one that is certain to be of 
great interest to the civil engineer. While the hydro- 
electric plant may become of decreasing importance in 
the future, it must be recognized that large thermal 
power plants, fired by either fossil or nuclear fuels, will 
be faced with problems of light or variable-load operation. 
In regions with a hilly terrain it is believed that pumped 
storage may find favor. This would be economically 
attractive if the structures could be built at a low enough 
cost. Highhead sites (500 or 1,000 ft) would make for 
small tail and head reservoirs, and for pipelines and 
tunnels of small diameter. Watersheds in which the 
runoff is small could be utilized where only enough 
make-up water would be needed to compensate for 
evaporation and seepage losses. The idea of pumped 
storage is not new but its economy can be much better 
than formerly. Not the least of the economic factors 
involved is the fact that pumps can be built today with 


rABLE VI ESTIMATED WORLD RESER 


VES OF FUEL ENERGY 
Fuel Energy, Btu 
Fossil fuel 
Petroleum 
Natural gas 
Coal 
Total fossil fuels 8 
7 


Lessthan 8 
Lessthan 1 
72 


>? 
Fission fuels (1 to 1 breeding) 1770 
Ratio of fission fuels to fossil fuels, 22 


x 
x 
x 
x 
x 
1 
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efficiencies substantially equal to those obtainabie in 
hydraulic turbines. 

The demand for water will increasingly tax the in- 
genuity of the engineering profession. Water is prob- 
ably our most valuable resource. Those of us who 
live in the East often do not realize the blessing we have 
in our water supply. In Texas and many other parts 
of the country, the level of the water table is dropping 
at an alarming rate. In the Southwest, for example, 
the inadequacy of the water supply is obvious, as 
witness the current litigation over the remaining flow 
in the Colorado River. The selection of a site for a 
new condensing steam plant grows steadily more difficult, 
as witness the recent opposition of one community after 
another in Connecticut to the location of a new power- 
house in its area. Many areas have been compelled 
to use reclamation systems with towers and ponds to 
conserve water resources. 

In most communities the restrictive regulations on the 
use of water grow steadily more severe. The trend to- 
ward land reclamation will grow—not decrease. And 
with this trend stream pollution, like atmospheric pollu- 
tion, will no longer be tolerated no matter how exigent 
or righteous the need. Stream pollution should not be 
limited to a definition based upon chemistry or suspended 
solids. It means temperature rise as well. In some 
regions the need to reclaim water from sewage can be- 
come very real in the future. The ingenuity of the civil 
engineer will be taxed to devise reliable, economic means 
of supplying water to industry and to homes. 

Some voluble politicians and society columnists have 
pictured the automobile of the future as having a pellet 
of nuclear fuel built in at the factory so that no gasoline 
or diesel fuel supply will be needed subsequently. This 
is hard to visualize when the problems of the critical 
mass, the necessary shielding, the investment required, 


Fig. 3—Water and its availability looms large among the 

power engineers’ problems of the future. Pumped storage, 

employing devices such as this pump turbine unit at the 

Hiwasee site on the TVA system, will find favor in hilly 
terrain 
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Fig. 4—In the author's opinion electricity in the future will 
prove so inexpensive a commodity its use will increase 
strongly and the problems of rights-of-way, transmission 
lines will be serious. These towers, 355 ft high, carry power 
cables 2608 ft across the Ohio River at 330 kv from Clifty 
Creek Station, Fig. 5, to AEC plant at Portsmouth, Ohio 


and the insurance against highway accidents are con 
There will be very few, if any, nuclear auto- 
mobiles in the next ten years. Liquid 
fuel—gasoline or distillate-— will continue its domination. 

For seagoing, naval, and aircraft applications, the 
The sheer bulk of the 


sidered. 
or locomotives 


picture can be very different. 
liquid fuel required, with the ever-increasing demands 
for more speed, and therefore more power, can be 


offset by turning to the weightless nuclear fuels. The 
economics of pay load may retard development in the 
commercial field, but the enhanced military effectiveness 
should result in a Navy that is essentially nuclear pro- 
pelled by 1966. 

There are sanguine hopes in some quarters for the 
gas turbine and its application to automotive service. 
The many inducements include high-speed machinery, 
low weight, low bulk, high starting torque, the burning 
of lower-cost distillate, good thermal efficiency, fewer 
machine no freezing problem, and minimum 
consumption of lubricant. These are all potent in- 
ducements for the perfection of an automotive gas 
turbine. But the very low cost of the reciprocating 
automobile engine, as it comes from the Detroit produc- 
tion lines, Similarly, the problem 
of a low-priced mechanism for control of the gas-turbine 
has not been solved. The price of the gas-turbine and 
that of its control are two current impediments. Re 
search and development alone can find the answers 
and demonstrate whether there will be a competitive 
automotive gas-turbine plant in ten years. 


parts, 


is a serious obstacle. 


Impact of Cheap Electricity 


When the stationary nuclear power plant realizes the 
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Fig. 5—Stacks topped out at 682 ft above grade for the 
1,300,000-kw Clifty Creek Plant of Ohio Valley Electric Corp. 
point up the structural problems that confront power 
engineers with prospects of still larger plants in the offering 


low cost and reliability that seem to be inherent in it, 
electric energy will find a market and uses that will be 
little short of revolutionary. Nuclear locomotives may 
not be realistic but electrified railways could return to 
economic favor using the output of stationary nuclear 
power plants as a source of electric energy supplied to 
the locomotives. Whether the development of nuclear 
power plants will move fast enough for this to be an 
actuality by 1966 is open to debate. 

Should the cost of nuclear fuel become small, if not 
zero, the resulting changes in our industrial economy 
would be far-reaching. The operational and economic 
problems of the power plant would be similar to those 
of hydro-electric plants, especially the base-load type. 
This could serve as a tremendous impetus toward the 
perfection of large-capacity electric storage batteries 
or toward the perfection of radiation chemistry tech- 
niques, either to develop electric automobiles or to 
synthetize liquid fuels for motor cars. While such 
things probably will not happen within the next decade, 
the ultimate impact should be there 

It is thus possible to speculate on possible changes in 
railway and automotive power practices. For the civil 
engineer it should be evident that there will be ample 
supplies of energy to run the land vehicles of the future. 
The recently enacted federal highway legislation re- 
quires construction of projected highways that will 
require large supplies of building materials—cement, 
concrete, cinders, aggregates. The coal-burning steam 
power plants, which have been compelled to use lower 
grades of fuel over the years, are making more and more 
refuse which should find use in the civil engineers’ 
store of raw materials. 
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The disposal of ash by direct utilization, by sintering, 
or by pelletizing is rapidly moving out of the laboratory 
stage. Ash can be expected to become a competitive 
building material with which construction people must 
reckon. Fly ash from plants using pulverized coal will 
not be discharged to the atmosphere as a pollutant, but 
will be collected and put to good use. There may be a 
variety of ways in which fly ash can be used but the most 
likely is probably as an aggregate for concrete. This 
use will require careful study of how to utilize the ash 
and still obtain the desired structural properties and 
strength in the finished product. This development has 
already reached such a stage that many people are 
wondering whether the supply of fly ash will be adequate 
for the expected market. 


Growth of Air-Conditioning 


Another way in which the supply of ample, cheap 
electric energy will change the civil engineer's outlook 
is in the year-round heating and cooling of living space. 
Not too long ago many houses were not equipped with 
central heating. Practicing engineers will recall that 
even in the city of New York, the cold-water flat is not 
yet extinct. Most people today demand central heat- 
ing during the winter, and many have reached the 
stage where they will not tolerate oppressively high 
temperature or high humidity in summer. The de- 
mand for summer cooling is evidenced by the sale of 
over a million air-conditioning units each recent year. 

Thus the civil engineer is confronted by the demand 
that space be conditioned for comfort during twelve 
months of the year and not just during the period from 
October to April. New building designs must incor- 
porate year-round air conditioning. But the problem 
of the older building still remains. Such structures as 
the Empire State Building or the Waldorf-Astoria 
Hotel will not be demolished just because they lack 
year-round air-conditioning. In the next ten years 
the civil engineer will be called upon to alter such build- 
ings, for a reasonable price, so that they will be equally 
habitable in summer and winter—so that they will be 
able to compete, on a dollar basis, with the most modern 
new buildings. This is a large order and it will be 
difficult to sell when the price tag is included. 

It is reasonable to expect that the power industry 
will make a large contribution to the air-conditioning 


art. If summer cooling and winter heating are accepted 


as equally necessary for building space, then an abun- 
dant supply of low-priced electric energy could be the 
key to the solution of the problem. If the same equip- 
ment can be used for both heating and cooling then, 
the economic picture becomes brighter. This is the 
advantage of the electrically driven heat-pump. Its 
operation can be reversed so that it can perform through- 
out the year. Being electrically operated, it can be 
placed anywhere in the building structure. Excava- 
tions for basements are not necessary. Chimneys be- 
come obsolete—and on a tall building the chimney can 
be a serious problem in itself. Fuel storage tanks or 
fuel piles are no longer required. The ash disposal 
problem, the smoke nuisance, and the operating labor 
force dwindle or disappear when the heat-pump enters 
the picture. 

In the next ten years the electrically driven heat- 
pump is bound to have a pronounced impact on civil 
engineers interested in the building trades. It should 
prove to be more economical, as well as more convenient, 
to transport energy electrically than to rely on central 
steam-heating or hot-water systems. The natural- 
gas pipeline will be competitive for some time but the 
truck delivering oil should tend to join the coal wagon 
in becoming obsolete. 

The public will demand the convenience of a com- 
pletely electrified economy, and the power engineer 
will be able to provide the energy at a price that will be 
attractive. In supplying this electric energy, the civil 
engineer will have to contribute his talents so as to 
make it possible to handle the maximum amount of 
energy over a given electrical transmission right-of-way. 
Rights-of-way are steadily growing scarcer and more 
expensive. This will pose a challenge to the civil 
engineer to design the most suitable structures on each 
right-of-way. It is difficult to see how underground 
construction, despite its esthetic appeal, can replace 
the overhead type. It is not unusual for subterranean 
construction to cost ten times as much as an overhead 
transmission and distribution system. 

I have outlined a few of the ways in which the power 
engineer is going to help alter our industrial economy. 
All of them constitute a very definite challenge to the 
civil engineer. The civil engineer will be called upon to 
do things that heretofore have been considered un- 
economical, if not unrealistic, because the power en- 
gineer is going to offer energy for stationary and trans- 
portation services at prices that cannot be ignored. 
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SHAWVILLE 
Controls 


Shawville Station, Pennsylvania Electric Company—Gilbert Associates, 
Engineers. Boiler plant consists of two 894,000 Ibs. per hour coal 
fired reheat units operating at 1900 psig and 1055°F/ 1005°F. 


Costs Clechionically 


At Pennsylvania Electric’s new central station near 
Clearfield, Pa., Republic Electronic Combustion Con- 
trols instantaneously correct the firing rate when load 
changes first occur — minimize the effects of load 
swings almost to the vanishing point—simplify feed- 


@ These electronic combustion 
control features are paying off in 
lower steam costs for Shawville. In 
fact, this station produces steam at 
such low cost that it is able to com- 
pete successfully in out - of - state 
areas over 250 miles away. 


At Shawville, electronic circuits in- 
stead of pneumatic and mechanical 
assemblies generate control impulses 
which are sent to pneumatically 
powered regulators on boiler auxil- 
iaries. Dead spots and time lags in 


the master control system due to 
mechanical lost motion, friction and 
inertia are almost completely elim- 
inated. And control impulses are 
transmitted practically instantane- 
ously, thanks again to the speed 
of electronics. 


The master impulse for the com- 
bustion control system is derived 
from steam flow. Air flow to the 
boiler is directly controlled by this 
impulse. The signal is then modu- 
lated by pressure changes in the 


Electronic combustion controls for Unit No. 2 at Shawyville are centralized on this benchboord. 





water and steam temperature control —eliminate prac- 
tically all mechanical inertia, friction and lost motion 
in master control apparatus —transmit control signals 
with the speed of light—permit more compact, easier- 
to-operate control panels. 


steam header and sent to coal mills. 
Variations in the fuel are automatic- 
ally compensated for. If steam flow 
falls below or exceeds pre-set limits, 
the steam flow-air flow control sys- 
tem is automatically blocked out 
and conventional fuel flow-air flow 
control substituted. 


This control system compensates 
for load changes so quickly that 
their effect on boiler operation is 
practically nullified. Optimum fuel- 
air ratio is maintained continuously 
for maximum combustion efficiency. 
The feedwater system and super- 
heater temperatures are also stabil- 
ized, making these quantities easier 
to control. 


REPUBLIC 


Qutomate 


COMBUSTION 


CONTROLS 


(Pneumatic or Electronic) 
* for all sizes and types of boilers 
* for all methods of fuel firing 
* for all load conditions 
* for all arrangements of draft 


Write for full details 


REPUBLIC FLOW METERS CO. 


2240 Diversey Parkway, Chicago 47, Illinois 
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American Power Conference in 
Review—II 


AST month's issue of COMBUSTION carried the major 
portion of the American Power Conference papers 
held to be of value to the readers of this magazine. 

There were, however, so many that in the interest of 
space the complete meeting report was divided into two 
parts and the following was held over for this issue. 


Water Treatment 


The fourth and final water technology session con- 
cerned itself with the recent adoption of aluminum for 
condenser tubes. W. A. Pollock, technical engineer of 
power plants, Wisconsin Electric Power Co., opened the 
session with his paper ‘‘Aluminum Condenser Tubes, A 
Report on a Plant Installation.” 

As early as 1950, the consideration of aluminum 
tubes for condensers entered discussions with Allis- 
Chalmers Manufacturing Co. Nothing definite came 
of these discussions until 1952 when the Aluminum Co. 
of America, Allis-Chalmers Manufacturing Co. and 
Wisconsin Electric Power Co. agreed to a cooperative 
test program. It was decided to install a number of 
aluminum alloy tubes in a condenser to evaluate the 
resistance to steam side and water side erosion, and to 
determine any adverse corrosion or other conditions 
which might exist. 

Two available locations for test were considered, one at 
Oak Creek where unit | was being erected, and the other 
in Port Washington, unit 5, which was in service. The 
latter was less desirable from the standpoint of electro- 
lytic corrosion in that the condenser had arsenical 
admiralty tubes in Muntz metal tube sheets. Also, the 
nominal water velocity through the 26 ft-long, 7/s-in 
diameter tubes was 8.35 ft per sec as compared with 6.95 
ft per sec at Oak Creek, where the tube sheets were to be 
steel. In order to expedite the tests, 24 Alclad (inside) 
3003-H14 alloy tubes were installed at Port Washington 
in July 1952. 

Both plants are located on the west shore of Lake 
Michigan and the typical analysis of this water showed 
no detrimental constituents as far as aluminum is 
concerned. 

The Port Washington trial was concluded after the 
1954 inspection because a turbine outage for general 
inspection afforded time to make the replacement. 
The tubes were in good enough shape to have given 
several years more service despite the expected elec- 
trolytic attack at the Muntz metal tube sheets, but it was 
agreed to shift the test program to Oak Creek where trial 
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tubes had already been installed in unit 1 and were being 
placed into unit 2, both with steel tube sheets. 

For equal gage tubes the plain aluminum was found 
to cost one third that of admiralty, while Alclad cost 45 
per cent that of admiralty per square foot of surface. 
The weight of aluminum tubes is about one third. 

Because of the decision to change to a condenser tube 
made of an alloy of aluminum instead of a copper bearing 
alloy, used so long in the utility industry, many facets 
were considered aside from economics. Mr. Pollock 
gave some of these with conclusions, as follows: 

Aluminum tubes have been found satisfactory for use 
in condensers under the conditions at Oak Creek Power 
Plant. Trial installations to determine suitability 
before adopting them under other dissimilar conditions 
are recommended, as practiced in this case. 

Heat transfer characteristics for aluminum 
are found comparable to arsenical admiralty tubes. 

The economics of aluminum tubes in steel tube sheets 
are favorable where other conditions warrant their 
consideration. 

Higher concentrations of aluminum are found in the 
boiler water and in the preboiler cycle upon starting up a 
new unit as compared to those existing after a substantial 
period of operation. 

Aluminum wastage is not influenced by morpholine 
concentrations up to 5.8 ppm. 

Ammonia due to morpholine and other sources tends 
to concentrate in the steam jet drains. To prevent 
wastage of tubes in the air cooler of the condenser the 
steam jet drains ought to be discarded. 


tubes 


R. A. Wilson, consulting engineer, Allis-Chalmers 
Manufacturing Co., had certain comments to pass on the 
Pollock paper. Among them were the following. With 
unfavorable water conditions aluminum tubes should be 
used with caution and only then after considerable 
experimentation has been conducted as Mr. Pollock 
describes. It would appear that aluminum tubes should 
not be used with alkali water or water containing heavy 
metals. It would seem prudent not to use aluminum 
tubes where past experience has suggested extensive 
acid or chemical tube cleaning. 

There is an indication that there should be no forma- 
tion of aluminum silicate scale in the boilers where the 
concentration of silica is held low such as is the practice 
in modern high pressure boilers. 

There has beeen some fear that perhaps aluminum 
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tubes might foul faster than copper base alloy tubes and 
reduce their heat transfer values after only several years 
of service. However, it is felt we will have to acquire the 
results from several more years of operation before such 
theory can be substantiated. However, it appears that 
these fears are somewhat overemphasized especially 
where water conditions have been determined as satis- 
factory for aluminum tubes. 


Ellis D. Verink, Jr., Aluminum Co. of America, also 
commented on the Pollock paper. Water-formed scale, 
Mr. Verink remarked, has been removed from aluminum 
tubes in chemical, petroleum and food plants by using 
inhibited acid cleaners. Reasonable care must be 
exercised to avoid damage to paint coatings or pickup 
of heavy metals in the cleaning solution as the result of 
the action of the acid on copper-base alloy parts. Heavy 
metal ions so picked up could plate out on aluminum or 
steel surfaces and stimulate localized corrosion. 

At Alcoa's Rockdale Works in Texas the Industrial 
Generating Company, a subsidiary of Texas Power & 
Light Co., operates Alcoa’s power plant. There are 


three power units whose condensers have 70,000 sq ft 


of admiralty metal surface. Separate aluminum tanks 
handle condensate for each of the three units. Periodic 
analyses of condensate from each of the three units 
began in January of 1956. The initial sample showed 
0.22 ppm aluminum in No. 1 condensate storage tank. 
Since that time, the aluminum content of the condensate 
has ranged between 0.01 and 0.02 ppm. The aluminum 
contents consistently have been as low or lower than the 
copper content in Unit 2 (admiralty metal condenser 
tubes). Recent examination of the steam drum of Unit | 
showed no evidence of analcite scale. 


Steam Turbines 


C. W. Elston and J. E. Downs, General Electric Co., 
in describing the ‘‘Future of the Steam Turbine Cycle”’ 
explained that the increase in size of electric power 
companies resulting from increased power consumption 
averaging about 8 per cent per year, and coupled with 
better integration of systems through adequate tie lines, 
have permitted the effective use of increasingly larger 
unit ratings. Equipment manufacturers generally have 
been successful in developing higher rated components 
which are more economical and more efficient than the 
preceding smaller components. 

Thus, the average turbine size being shipped by the 
authors’ company to electric utilities has increased from 
38,000 kw in 1947 to 156,000 kw in 1957, an average 
increase of 15 per cent per year. The largest unit in 
service is the 260,000-kw unit at the River Rouge Station 
of the Detroit Edison Company. The largest on order 
are the 450,000-kw units for the Breed Station of the 
Indiana-Michigan Electric Co. and the Philip Sporn 
Plant of the Ohio Power Co. 

The paper then explored the fuel savings available 
from higher steam conditions along with the present 
economic limitations on further advances, and also, the 
need for new ideas and developments to permit the 
economical application of more efficient cycles. 

An extrapolation of the heat gains possible with 
higher steam conditions promised about only half as 
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much gain in heat rate as has been obtained during the 
preceding 20 years. The authors felt it seemed appropri- 
ate to consider whether or not the large expenditure for 
research and development, which obviously will be 
necessary to realize this improvement, is justified. 
However, it is apparent that the fuel savings incentive 
for further advances in steam conditions will be present 
during the coming 20 years to at least as great an extent 
as during any past 20-year period; but higher steam 
conditions will gain acceptance only if they result in 
reliable lower cost power, and cost of power includes, of 
course, capital and labor costs as well as fuel costs. 

The next significant step toward lower cost electric 
power generation through higher thermal efficiency, 
the authors felt, may be the use of more efficient thermo- 
dynamic cycles or alternates to the conventional cycle 
such as the combined steam and gas cycle. 


In the foreseeable future, the steam turbine will con 
tinue to be the ‘‘work horse’ for generating electric 
power, according to C. D. Wilson, Allis-Chalmers Mfg. 
Co., in his paper, “‘Advances in the Field of Large Steam 
Turbines.’’ Steam turbines operating at supercritical 
pressures will aid in getting more energy out of the re- 
maining fossil fuels. As the supply of fossil fuels di- 
minishes, atomic reactors will be increasingly used with 
steam turbines to generate the needed electric power. 

The recent large increase in the rated size of steam 
turbine units for new installations has created a situa- 
tion where units that were considered to be quite large 
a few years ago are now quite commonplace. Typical 
of what are now considered to be medium size units, are 
the 100-Mw and 150-Mw tandem-compound reheat 
machines operating at 3600 rpm. 

The low pressure exhaust blade is one of the factors 
that limits turbine size. That limitation has been 
largely overcome by using multiple exhausts to effi- 
ciently handle the large volume steam flow of the larger 
machines. 

An example of how the exhaust blade limitation on tur- 
bine size can be overcome by increasing the number of 
low pressure elements is shown in triple-flow tandem re- 
heat turbines being built in sizes ranging from 200 Mw 
to 250 Mw. 

The number of stages of blading in the first turbine 
cylinder, following the high temperature reheat inlet, is 
kept to the minimum necessary to reduce the steam tem- 
perature at the exhaust sufficiently to permit using high- 
strength, moderate-temperature materials in the turbine 
which follows. The reheat control valves are located 
between the first and second turbines. 

Larger 3600-rpm turbines than this can be built by 
cross-compounding and using more parallel flows of the 
same LP elements as are used on the smaller machines. 
The first 300-Mw, 3600/1800-rpm close-coupled turbine- 
generator unit is now nearing completion and will go 
into service later this year. 

As the ratings of these machines become larger, many 
of the ‘‘building block’’ components, originally developed 
for the smaller machines, can be applied with minor 
modifications to build the larger units. In this manner, 
the turbine industry has been able to progress in a grad- 
ual evolution by building on past experience. 


M. M. Patterson, E. V. Pollard and W. B. Wilson, 
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General Electric Co., discussed the ‘Economics of Higher 
Pressures and Temperatures for Steam Turbines in In- 
dustrial Plants.’’ With the avowed purpose of review- 
ing some of the methods already being utilized, and sug- 
gesting additional ideas that could be used to reduce the 
cost of steam and power in industrial plants utilizing 
modern turbines and generators, as well as presenting 
data to help evaluate these methods. 

In industrial plants requiring process steam as well as 
power, data reviewed in this paper shows that: 

(1) Power can be generated with as little as one-half 
the fuel required in plants for power generation only. 

(2) Higher initial steam conditions can be utilized to 
double or triple this power generation with the same 
process steam flow. 

(3) Feedwater heating can increase this power 15 to 
20 per cent. 

(4) Lower steam pressure in the process system can in- 
crease this power as much as 100 per cent or more. 

Power requirements in industry are increasing more 
rapidly than product output. A review indicates that 
process-type industrial turbine-generator sizes have in- 
creased from 5000 kw to 17,000 kw in the last ten years. 
rhis rapid increase in size has been a favorable factor in 
industrial power plant economy. For instance, it is 
interesting to note the large differences in power avail- 
able from different sizes of noncondensing turbines. The 
approximate by-product power available for each 10,000 
Ib per hr of process steam expanded from 600 psig, 750 
F to 50 psig, pictured by the authors in tabular form, 
showed a rise in efficiency on the amount of by-product 
power that can be generated with increased unit size. 

The authors then moved into a discussion of details 
supplemented with some excellent performance curves 
and tabulated data. Among the items so treated were 
effect of initial pressure, effect of initial temperature, 
fuel chargeable to power, use of automatic extraction, 
effect of process pressure, feedwater heating, and certain 
cost material for industrial plant applications. 


Boiler Feed Pumps 


As a part of a combined session discussing condenser 
and feedwater circuits two interesting papers on boiler 
feed pumps were presented. The first by Igor J. Karas- 
sik and T. W. Edwards, Worthington Corp., was en- 
titled ‘‘Progress Report on High Speed Boiler Feed 
Pumps.’ The heart of this paper was the account of 
the studies preceding the construction of the first ex- 
perimental high speed boiler feed pump and the operat- 
ing record it has compiled since the Fall of 1954 when it 
first went into service. 

High iu importance among the factors contributing to 
boiler feed pump progress was the decision in the late 
twenties and early thirties to go to a 3600 rpm speed and 
then the later change to stainless steel construction. 
Both proved emineiitly successful. The advances from 
the pumps of 3600 rpm design to today’s high speed 
pumps were prompted by these advantages: 

(1) With appreciably lesser number of stages, the 
shaft is shorter and therefore more rigid in high speed 
pumps. 

(2) Smaller impeller diameter gives lower casing and 
bolting stresses for high speed pumps. 

(3) With the trend to steam turbine drive, the high 
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speed pump is better matched to the optimum driver 
speed. 

(4) A line of pumps divorced from the rigid limitation 
of 3600 rpm offers greater opportunity for standardiza- 
tion through speed changes, more interchangeability and 
a greater availability of stock parts for emergency needs. 

(5) The trend to superpressure plants and the opera- 
tion of boiler feed pumps at pressures from 4500 to 5500 
psi makes it almost inescapable to design pumps for 
higher operating speeds. 

In elaborating on these advantages the authors em- 
phasized that the two prime factors affecting the life of a 
given high pressure boiler feed pump are the shaft de- 
flection and the internal clearances. The greater the 
margin between the two, the less will be the chance of 
accidental contact and the longer the life of the equip- 
ment. This, higher speed designs tend to do. 

The use of high speeds also tend to reduce the diam- 
eter of the individual impellers and, consequently, of 
the pump casing. An example of this advantage was 
shown by an illustration of two pumps, one high speed, 
one 3600 rpm, each designed to handle 3600 gpm against 
a discharge pressure of 4500 psi. An appreciable reduc- 
tion in casing diameters and in the number and size of 
the bolts at the discharge head was clearly evident. 


A second paper, ‘Boiler Feed Pumps for 6500 psi 
Discharge Pressure,’’ by H. Hornschuch, Ingersoll-Rand 
Co., gave a summary of the major development work re- 
quired to design the boiler feed pumps system for the 
supercritical pressure steam plant of the Philadelphia 
Electric Co.’s plant, Eddystone No. 1. 

The assignment was to deliver two million 1b per hr 
of water at 550 F through the flow control valve at a 
pressure of approximately 6500 psi to the monotube 
boiler. Compared with present day high pressure 
boiler feed pumps, this means a pressure increase of 
more than two to one and at the same time handling a 
water temperature at the top limit at which experience is. 
available. Preliminary studies were made of full ca- 
pacity vs. half capacity, high speed vs. 3600 rpm, single 
pump for full pressure, two and three pumps in series 
and re-entry pumps where water at low temperature and 
high temperature is handled in the same casing by dis- 
charging through a heater and re-entry arrangement. 
Within certain limitations all of the above schemes 
seemed feasible from a pump design standpoint. 

The system selected consists of three pumps operating 
in series with the low and medium pressure pumps being 
constant speed motor drive and the high pressure pump 
having a variable speed steam turbine drive. The feed- 
water heaters are located between the low and medium 
pressure pumps. Two sets of half capacity units were 
chosen with separate heaters for each set without inter- 
connects between heaters. 

Both the low and medium pressure pumps are of 
rather conventional design, having forged barrel double 
case construction with impellers arranged in line and 
axial thrust compensated by a thrust balancing device. 
Five and six impellers, respectively, are used for gen- 
erating the head, and velocity is converted into pressure 
by means of vane type diffusors. 

The general design of the high pressure pump unit 
was shown in an illustration. The hydraulic element 
consists of four impellers arranged in line, all impellers 
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having single suction. The hydraulic balancing drum 
arrangement compensates the axial thrust. A Kings- 
bury thrust bearing takes care of residual thrust during 
load changes. 

The diffusors and other hydraulic passages are ar- 
ranged in a vertically split inner casing which can be 
handled as an integral unit for maintenance work. 

The pump barrel forming the main part of the casing 
assembly, subjected to the 6500 psi discharge pressure, 
is a solid forging of 5 per cent chrome steel (Spec. 
AST M-A-336 Class F-5) having a minimum wall thick- 
ness of 9in. The suction and discharge nozzles are forg- 
ings of the same material and are welded to the casing 
by an approved method. 

The discharge and suction nozzles have a carbon steel 
extension attached by welding to avoid complications in 
the annealing procedure on the final field weld. The dis- 
charge head closing the casing against full discharge 
pressure is a forging of the same material as the barrel 
casing so that relative movements due to thermal ex- 
pansion difference can be avoided. The thickness of the 
head is approximately 15 in. The stuffing box exten- 
sions attached to the casing and discharge head by bolt- 
ing, and which form the retainers for the floating ring 
seals, are also of 5 per cent chrome forgings. 

All pipe connections for the seals are located in the 
barrel and discharge head, making it therefore possible 
to remove the seal assemblies without breaking any of 
the high and low pressure seal system pipe connections. 

In a similar vein the author discussed the main gasket 
joint, flange bolting, the pump rotor, the shaft seal sys- 
tem. 


Industrial Power Practices 


Howard P. Kallen, Power Magazine, tackled the 
challenging subject of ‘Distribution of Steam and Elec- 
trical Power Costs in an Industrial Plant.’ As the au- 
thor mentioned early in his talk it was the intent of his 
paper to investigate a basis for determining the eco- 
nomic effect of engineering proposals with respect to the 
question: Shall the process be further electrified or is it 
more economical to install additional steam-operated 
equipment such as process heaters, mechanical-drive 
turbines? 

To achieve his stated aim the author decided to an 
alyze various possible process-steam electrical-power 
system arrangements with a view to establishing criteria 
for calculation and assignment of steam and electrical 
charges on a departmental basis. Hypothetical cycles, 
however, were used. In summation the author men- 
tioned this paper was drawn from a thesis prepared for a 
Master's degree. 


Gerald L. Decker, superintendent of operations, 
The Dow Chemical Co., opened his paper, ‘‘Incremental 
Efficiency Testing of Industrial Turbine Generators to 
Determine Valve Points, Kilowatts’’ with the 
question: How many kilowatts are you losing due to 
valve throttling? If there are noncondensing turbines 
in your plant, the chances are that many kilowatts are 
being wasted due to turbines being loaded off valve 
point. The valve throttling effect is much greater on 
topping turbines than on condensing machines due to 
the relatively small isentropic Btu drop involved. 


Saves 
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In conducting many tests to establish how the per- 
formance of his company’s turbines compared with the 
guarantee curves, there was found to be a wide variation 
from test to test in the deviation from the manufac- 
turer's curve. In order to explain why the great varia- 
tion, it was decided to run an incremental efficiency test. 
After the first test, it was obvious that the valve throt- 
tling effect was causing the wide variation. Since the 
manufacturer guarantees on the basis of the average of 
the loop, whenever a test was at a full valve point, the 
test would show a deviation which was better than the 
guarantee curve. However, when between valve points, 
results might be several per cent below the curve. 

At the time this incremental testing started the au- 
thor's company was doing a considerable amount of work 
in developing a dispatching system that would generate 
the maximum amount of power with the existing steam 
base. This steam base was determined by the process 
steam demands. The looped curves developed by the 
incremental testing procedure completely changed the 
dispatching procedure which had been based on smooth 
curves and the theory of equal incremental steam rates. 
Mr. Decker then explained the test procedure and the ad- 
vantages of incremental testing. 


Aaron D. Brooks, The Dow Chemical Co., followed up 
Mr. Decker’s talk with ‘‘Precision Valve Point Loading 
of Turbines Using a Digital Computer Saves Dollars,”’ 
which pointed out the advantages from such a dispatch- 
ing system. The reasoning based on the findings Mr. 
Decker had explained was that if all paralleled turbines 
are loaded on selected valve points except for one tur- 
bine free to move under governor control to meet smaller 
variations in steam demands, maximum efficiency in 
power generation will result. 

This paper showed that the precise loading of turbines 
at selected valve points determined by a digital com- 
puter, gives more power per pound of steam than would 
result if the same turbines were loaded at equal incre 
mental steam rates, in accord with common practice. 

In fact Mr. Brooks stated the savings in loading four 
topping turbines in his concern's Midland Plant at 
selected valve points instead of equal incremental rates 
averaged a conservative 1000 kw. This is equivalent to 
a net annual savings of over $52,000 per year in pur 
chased power. 

The fundamentals for loading condensing and non 
condensing machines are the same. However, the com- 
mon load for paralleled noncondensing machines is proc 
ess steam demand at a given pressure level. Power is 
a by-product of furnishing steam to process, while power 
is the load and only product of condensing units. 

The description the author gave of the steps in deter- 
mining the most economical loading of four paralleled 
noncondensing turbines was held by him to be sufficiently 
detailed and general enough to give the basic steps in 
programming a similar problem for any digital com- 
puter. Other programming systems or modifications 
may be used to better fit particular situations. 


Integrating Steam and Hydro 


The hydroelectric session put on two papers by repre- 
sentatives of the largest electric generating systems in 
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the world, one private and the other publicly owned. 

Walter Dreyer, vice president and chief engineer, Pa 
cific Gas and Electric Co., in his talk, “Integrating Steam 
and Hydro Power in Northern and Central California, 
pointed out that it was in the area served by Pacific 
Gas and Electric Co. in northern California and that the 
connecting together of steam and hydro power plants 
first took place some 58 years ago. This typing to 
gether of hydro and steam plants demonstrated for the 
first time the principles that (1) advantage could be taken 
of the diversity which exists in stream flow at different 
hydroelectric plants; (2) steam generated power could 
be combined with hydro power to furnish continuous and 
reliable service; and (3) pooling of a regional demand, 
varying daily, seasonally, geographically, and with 
character of use, could result in economy because less 
capacity would be required to meet demands. 

The company’s power production system presently 
consists of 14 steam-electric plants having an aggregate 
capacity of 3,076,000 kw and 58 hydroelectric plants with 
a total capacity of 1,452,000 kw, a total of 4,528,000 kw 
in plants owned by the company. In addition to its own 
generation it takes into its system some 500,000 kw of 
hydroelectric power generated by other agencies. 


Robert A. Monroe, chief design engineer, TVA, fol- 
lowed with his paper, ‘Some Factors in the Economic 
Generation of Power by the TVA System.” The TVA 
system, as of June 30, 1956, included 45 hydro plants 
and 14 steam plants with an aggregate nameplate ca- 


pacity of 9,280,000 kw. Included in this total are 13 
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hydro plants belonging to the Aluminum Co. of America, 
located on the Little Tennessee River watershed, having 
an aggregate capacity of 375,735 kw, and 3 hydro plants 
constructed by the U. S. Army Engineers on the Cum- 
berland River with an installed capacity of 459,000 kw. 
These groups of plants are operated on schedules fur- 
nished by the TVA load dispatchers, and the power feeds 
directly into the TVA transmission network. 

Interchange of power with adjacent utility systems 
can frequently be made to afford substantial mutual sav- 
ings in cost of generation. Onpeak hydro power from 
TVA can be traded for offpeak steam from a utility. 
Sometimes low cost steam power can be purchased cr 
sold to avoid operation of a more expensive plant. The 
installation of a 60,000 kw pump-turbine unit at Hiwas- 
see in 1956 will allow conversion of low cost offpeak steam 
power into more valuable peak power. 

The production cost in mills per kwhr for the system 
power generated in fiscal year 1956, including operation, 
maintenance, fuel, and depreciation, was as follows: 

Production Cost 


Including Depreciation 


Source of Generation Mills Per Kwhr 


TVA hydro 
TVA steam 
Total system, including purchase 


The average of 2.41 mills per kwhr at the generating 
plant switchboard includes operation, maintenance, 
fuel, depreciation, and cost of purchased power. Power 
delivered to the customer, must also cover losses and 
cost of operation of the transmission system, general 
overhead and allowance for return on investment. 
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BCR’s Techno-Sales Conference 


The recently concluded Annual 
Meeting and Techno-Sales Conference 
of Bituminous Coal Research, Inc., 
heid at White Sulphur Springs, W. 
Va., in mid-April again supplied a 
status report on the progress of their 
Locomotive Development Committee. 
In addition a number of talks were 
given on the réle of research in the 
solid fuels industry 


Coal-Fired Gas Turbine 


P. R. Broadley, director of re 
search, and W. M. Meyer, assistant to 
director of research, Locomotive De- 
velopment Committee, recalled that 
late in 1955 the Committee approved 
plans for modifying the locomotive 
coal system, as well as partially re 
blading the gas turbine rotor. The 
1955 tests were run with the bin and 
feeder coal system originally installed 
in 1951 to handle run of mine coal. 
The system handled */s-in. and */;.-in. 
x 0 coals without difficulty, but it 
was unduly complicated, heavy, and 
expensive. In addition, about 15 per 
cent of the finest pulverized coal was 
vented in the air discharged from the 
collectors 

The development of a new fuel 
system to handle specification coal as 
a “fluid’’ on a locomotive has been 
accomplished and is presently being 
used in operating the turbine tests at 
Dunkirk. In this system, 4/,.-in. X 0 
dried coal flows from aerated tanks 
without need for mechanical con 
veyors. This crushed coal is delivered 
by a rotary pump into the conveying 
air which carries it through the pres- 
surized unit pulverizer to the com- 
bustors 

An active test program has been 
carried out during 1956 designed to 
improve the reliability and efficiency 
of the Dunlab separator tube. Con- 
siderable progress has been made and 
the present system has been altered 
to include improvements and refine- 
ments resulting from the tests. 

Throughout the first 325 hours of 
operations it has been possible to 
make an internal examination of the 
third row stator and the third and 
fourth row rotor blades. There is 
indication that the dust is no longer 
concentrating at the roots of the rotor 
blades. Patterns on the concave and 
convex sides indicate that the gas 
pressures are uniformly distributed 
and it is hoped that the alterations 
made in the rotor blading are having 
the desired effect 
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No definite evaluation can be made 
until after the 1000 hours have been 
run. When this is completed a formal 
report will be made by the Operations 
Committee to the Locomotive De- 
velopment Committee and decision as 
to future activities will then be made. 

Studies are currently under way to 
determine the feasibility and applica- 
tions of the direct-fired coal-burning 
gas turbine in conjunction with and 
supplementary to supercharged boiler 
generator plants. 


John W. Igoe, assistant director, 
Administration, followed up the above 
report with a discussion of ‘‘ Potential 
for the Coal-Burning Gas Turbine.” 
There are, according to Mr. Igoe, 
3036 non-utility power-generating 
plants in the United States, of which 
2654 are steam plants and 382 are 
internal combustion plants. If these 
plants were all to use coal-fired gas 
turbines, they would consume more 
than 110,000,000 tons of coal per year. 

Three years ago Alco Products, Inc., 
knowing of BCR’s interest in the coal- 
burning gas turbine, requested BCR 
to study the potential of the coal-burn- 
ing gas turbine for stationary plant 
application, under Alco’s sponsor- 
ship. Eventually, BCR’s General 
Research Program became a co-spon- 
sor. The objective of the study was 
to evaluate the commercial market 
potential of coal-burning gas turbines 
for stationary plants by industry and 
by state. The results of that study 
are the basis of Mr. Igoe’s paper. 

Of the 3036 total privately owned 
power generating plants previously 
mentioned, 1454 are 1000 kw capacity 
or smaller, 587 are between 1000 and 
3000 kw, 279 plants are between 3000 
and 6000 kw, 160 more plants are in 
the range of 7000 to 9000 kw, and 123 
plants require from 9500 to 12,000 kw. 

The point of this series of numbers, 
from Mr. Igoe’s viewpoint, is simply 
that more than two-thirds of the total 
number of privately owned electric 
generating plants are in the range of 
the coal-burning gas turbine as de- 
veloped, or in a reasonable number of 
multiple units. Naturally, whether 
such would be served by individual 
plants or multiple units of any particu- 
lar size would be the result of an engi- 
neering and economic evaluation for 
the particular application. 


Research 


Joseph W. Barker, chairman of the 
board, Research Corp., in his talk, 
‘“‘Research—The Window on Tomor- 
row,” put the general picture this 
way. The total research activity— 
including basic, applied, and develop- 
mental—can be linked to a huge 
reservoir. Pumping into this reservoir 
of scientific and technological knowl- 
edge are the basic research programs 
conducted by pure scientists sup- 
ported by the universities, founda- 
tions, governmental, and, to a lesser 
degree, industry-wide and individual 
company research organizations. 
Classifying and sorting out of this 
heterogenous pool is conducted Ly the 
applied research teams of governinent, 
industry-wide and individua! com- 
pany organizations. Then this clari- 
fied supply is drawn down by the de- 
velopmental research teams and put 
to specific uses in advancing tech- 
nology. 

Unless the general “pumping in” 
activities of the pure scientists are 
equal to or greater than the ‘draw 
down” of the development teams, 
technological progress will grind to a 
halt someday. This is the principal 
reason why so many have great con- 
cern that fundamental research must 
be generously supported by all inter- 
ests who engage in the ‘drawing 
down” process. The Igoe and Rose 
article in the February 1957 issue of 
Mining Congress Journal, citing the 
“Sources of Funds for Bituminous 
Coal Research’’ as $17,382,400 for 
1953, of which nearly 30 per cent came 
from Federal and State sources, 
nearly 30 per cent from “other indus- 
trial,” and somewhat more than 40 
per cent came from coal companies 
and equipment manufacturers, with 
only $104,000 from university, etc., 
sources, was extremely enlightening. 
Two thoughts occurred to Mr. Barker 

-first, is the coal industry devoting 
enough cents per sales dollar to re- 
search activities, particularly when 
one of the competing industries, pe- 
troleum, was spending $145,900,000 in 
the same year for research? And, 
secondly out of the 17 million is the 
coal industry allotting a reasonable 
proportion to the support of pure sci- 
ence research to assist in refilling the 
“reservoir” from which it is drawing? 

Mr. Barker then went on to cite 
several examples of incidental dis- 
coveries revealed to scientists search- 
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ing for a specific phenomenon. The 


exploration of these ‘‘incidentals’’ 
such as occurs with pure research is a 
highly activity. As 


such every industry should plan to 


commendable 


sponsor some pure research 


James R. Garvey, assistant director 
of research, explained ‘‘The Current 
BCR Program” of research as one in 
which projects are active in all stages 
to provide continuous flow of develop 
ments from the initial idea to a usable 


product or process. Below are a few 


projects of interest to the power field 

Four of these projects are currently 
in the survey stage 

(1) Action of solvents on coal, with 
particular emphasis being placed on 
gaining information pertaining to the 
kinetics and mechanism of the solu 
tion of the coal substance in solvents 

(2) Increased use of coal fines 
Fine coal, particularly the minus-28 
mesh size, is an increasing source of 
loss to many producers. The trend to 
full seam mining plus the need for 
prevention of stream and air pollution 


have magnified the problem Al 
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though no positive solution for this 
problem has as yet been developed, 
several methods of chemical and 
physical cleaning and drying of this 
coal size are being investigated 

(3) Controlling SO, 
stack gases covering (a) a limited 
survey and evaluation of available 
processes for removal of sulfur dioxide 
from flue gases, (b) a continuing sur 
vey of the technical and trade journals 
for information on the progress and 
related activities of others, (c) bench- 
scale research on catalytic gas phase 
oxidation processes for removing sul 
fur-dioxide from flue gases. 

The most promising 
method for the removal of sulfur di 
oxide from flue gases is based on the 
wet scrubbing of the gases with am 
Progress made by 


emission in 


available 


monia solution. 
various organizations in the commer- 
cial application of the process has been 
followed by BCR personnel through 
literature surveys and personal con 
tact in both this country and abroad. 

Through bench-scale tests, using 
sulfur dioxide in flue gas concentra 
tions, BCR has demonstrated the re 
moval of sulfur dioxide by catalytic 
gas phase oxidation. The effects of 
actual coal combustion gases and fly 
ash on the chemical and physical 
properties of the catalyst are cur 
rently being investigated in coopera 
tion with an electric power utility. 
The ultimate objective of this re 
search is to develop a process for the 
production of sulfuric acid in salable 
form from flue gases without requiring 
added raw materials 

(4) Mine acid control 

Mr. Garvey then cited some other 
research projects. Controlling coal 
plasticity for equipment design, for 
example, is now in the preliminary 
laboratory test stage. New stokers 
and boilers based on the cross-feed 
principal of burning are planned. 
Major advantages of this type of coal 
burning are the low dust emission 
from the stack and the discharge of 
ashes in a form in which they can be 
readily handled automatically. How 
ever, one of the limitations to wide 
spread application of this type of 
equipment is the tendency of some 
coals, even those considered to be free 
burning, to cake under certain condi 
tions of combustion 

Similarly, in-plant pneumatic 
handling of coal is ready for prelimi 
nary laboratory work. One of the 
greatest deterrents to the more wide 
spread use of bituminous coal in 
smaller commercial plants has been the 
difficulty and often high cost of mov 
ing the coal from the storage bin to 
the coal burner. While mechanical 
coal handling devices provide a high 
degree of automation, they have 
limitations which possibly might be 
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overcome through the applications of 
pneumatic coal handling. 

Improved coal bin design as a re- 
search project is at the point where 
production models can undergo,tests. 
To determine the causes and possible 
cures for coal flow from storage bin 
problems, BCR has for the past year 
and one-half been studying coal-flow 
characteristics by means of laboratory 
months BCR 


design such 


apparatus. In recent 
has learned how to 
bunkers to assure unassisted flow un 
der almost any conditions of size con 
sist, moisture content, and interrupted 
operation. Uninterrupted coal flow 
through an 8'/,-in. diameter opening 
using '/, X O-in. coal containing more 
than 11 per cent surface moisture has 
been obtained under all conditions of 
alternating loading and unloading the 
system. The results of tests of this 
idea have been so outstandingly suc- 
cessful that it is believed consideration 
of the use of the idea should be given 
in the design of all future bulk-storage 
bins, for coal storage or storage of 
other materials. 

The problem of stack emission con- 
trol for the commercial plant has been 
successfully overcome through the use 
of properly designed overfire jets and 
dust collectors However, even 
though most of the large industrial 
plants have dust collectors which 
function very well under normal firing 
conditions, soot blowing often causes 
a temporary overload which cannot be 
completely handled by the collectors, 
and as a result the excess dust is car 
ried out into the atmosphere by the 
flue gases. In smalicr plants no dust 
collectors are necessary under normal 
operating conditions, but again during 
soot blowing periods stack emission is 
Che results of recent work 
in cooperation 
Diamond Power Specialty 
the use of a water 
the stack can 


excessive 
at BCR 
with the 
Co., showed that 
spray within 
alleviate this problem 


laboratory, 


system 
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REVIEW OF NEW BOOKS 


Any of the books here reviewed may be secured through 
Combustion Publishing Company, Inc., 200 Madison Ave., N. Y. 





Reactions of Carbon with Car- 
bon Dioxide and with Steam 


By C. G. von Federsdorff 


Institute of Gas Technology Research 
Bulletan No. 19, 76 pages, $7.50 


This bulletin contains the results 
of ten years of study of two of the 
fundamental reactions in the produc- 
tion of manufactured gas. Studies of 
reactions in the temperature range of 
1700 to 2500 F between a solid fuel 
and oxidizing gases are presented as 
(a) the development of mathematical 
procedures which may have general use 
in estimating physical and chemical 
factors associated with carbon gas- 
ification, and (b) application of these 
procedures to the interpretation of 
steam and carbon dioxide decomposi- 
tion rates and gas analyses. 

Most of the experimental data were 
obtained with continuous-flow fixed-bed 
reactors operating at atmospheric and 
superatmospheric pressures in the 


Institute’s laboratories in Chicago. 
Results reported by others are analyzed 
in a literature study and addendum. 


Design of Piping Systems 


John Wiley & Sons, 365 pages, $15 
A second edition of this authori- 
tative book has been prepared by mem- 
bers of the engineering departments of 
The M. W. Kellogg Company. A 
complete investigation of structural 
design is included with emphasis on the 
flexibility analysis of critcal systems. 
In chapters I and II, Strength and 
Failure of Materials and Design As- 
sumptions, Stress Evaluation; and 
Design Limits, and again in the third 
chapter on Local Components, which 
treats the effect of piping reactions on 
local and terminal components of a 
piping system, there is much material to 
aid the designer to understand the sig- 
nificance of stresses in piping per- 
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formance. Chapter 4, Simplified 
Method for Flexibility Analysis, contains 
several newly developed approaches that 
facilitate the general assessment of 
average piping or are helpful in the 
planning stage of critical piping design. 

Offering an unusually complete treat 
ment of the thermal expansion problem, 
the new edition also gives a method for 
calculating the effects of uniform 
loading, such as that due to weight or 
wind. A chapter entitled Supporting, 
Restraining, and Bracing the Piping 
System covers the various problems 
of supporting critical piping systems, 
while a chapter on Vibration: Preven 
tion and Control approaches the sub 
ject from the standpoint of the piping 
designer, with the objective of achiev 
ing vibration free piping in the design 
phase of a subject 

Other chapters deal with flexibility 
analysis by the general analytical 
methods and by model test, and ap- 


proaches for reducing expansion ef 
fects. An extensive appendix includes 
the history and derivation of piping 
flexibility analysis, derivation of acous- 
tic vibration formulas, and various 
charts and tables 

The engineering profession has re- 
ceived many benefits from the willing 
ness of companies to share technical 
information, much of which was origi- 
nally developed at great expense to in- 
dividual organizations. This book is 
an outstanding example of enlightened 
sharing which simultayeously enhances 
the prestige of The M. W. Kellogg Com- 
pany and greatly enriches the technical 
literature in the field of piping design. 


ASTM Standards on Copper 
and Copper Alloys 


ASTM, 654 pages, $5.75 


All of the ASTM Standards per- 
taining to copper and copper alloys, 
which were developed by ASTM Com- 
mittee B-5 on Copper and Copper 
Alloys, Cast and Wrought, and related 
standards developed by Committees 
B-1 on Wires for Electrical Conductors 
and B-2 on Non-Ferrous Metals and 
Alloys, have been compiled into a 
compact, handy volume. The De- 
cember 1955 edition of ASTM Stand 
ards on Copper and Copper Alloys 
includes in its latest form 127 ASTM 
Standards 
methods, 2 recommended practices, 2 
classifications (of coppers and copper- 
base alloys), and | definition of terms. 

Standards cover copper, copper-alloy, 
and copper-covered-steel electrical 
conductors; copper and copper-alloy 
plate, sheet, strip, and rolled bar; 
copper and copper-alloy rod, bar, and 
shapes, and die forgings; copper and 
copper-alloy wire; copper and copper- 
alioy pipe and tube; copper-alloy 


110 specifications, 12 test 


68 


ingot; copper-alloy castings; copper 
and copper-alloy filler metal; and 
methods of test for copper and copper- 
alloys. 

Of the material included in this 
compilation 50 of the specifications 
have been revised and a new specifica- 
tion for threadless copper pipe has been 
added sinve the previous edition. 


Symposium on Atmospheric 
Corrosion of Non-Ferrous 


Metals 


ASTM Special Technical Publication 
No. 175, 164 pages, $2.75 


This symposium, which was pre 
sented at the 58th ASTM Annual 
Meeting in Atlantic City on June 29, 
1955, covers one of the most compre 
hensive test programs for the measure 
ment of atmospheric corrosion prop- 
erties of non-ferrous metals and alloys 
every attempted. The exposure tests 
were started twenty-seven vears ago 
by Committee B-3 on Corrosion of 
Non-Ferrous Metals and Alloys. 

The materials utilized included 24 
wrought alloys of zinc, nickel, copper, 
lead, tin, and aluminum. These were 
exposed at nine significant localities 
across the country and evaluated 
after periods of 1, 3, 6, 10 and 20 years, 
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embracing about 9000 test specimens. 

The test report lists all data gleaned 
from these specimens and nine papers 
discuss in detail the significance of 
these results in each metals field. 


Symposium on Impact Testing 


ASTM Special Technical Publication 
No. 176, 170 pages, $3.50 


In the past few years, engineers and 
technologists have had increasing inter- 
est in the effect of impact and shock on 
various materials. Both on a _ theo- 
retical and practical basis, investiga- 
tions have pushed forward new think- 
ing about impact testing not confined 
to notch bar testing 

This symposium, sponsored by Com- 
mittee E-1 on Methods of Testing 
at the 58th Annual Meeting in Atlantic 
City on June 27,1955, tries to fulfill the 
larger needs of this area of testing by 
including papers discussing impact and 
shock tests for parts, components and 
complete structures. Five additional 
papers considered timely and appro 
priate to the subject are included along 
with the material presented through the 
symposium. 

Such innovations as the impact tube 
are discussed and environmental con- 
ditions, particularly temperature, are 
considered. The broad outlook is taken, 
so as to enhance the practical ap- 
plication of this type of work. The 
book which contains many graphs, 
charts and photographs, also con- 
tains several bibliographies. 


New Equipment 


Portable Oxygen Analyzer 


The model D2, portable oxygen anal- 
yzer, has been added to the line of in- 
struments manufactured by Arnold O. 
Beckman, Inc., Los Angeles, Calif. It 
may be used for measuring oxygen in 
almost any mixture of gases, and the 
accuracy of the reading is not affected 


by other gases in the mixture. Its 
rugged construction is said to make it 
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well-suited for industrial use in such 
applications as excess air measurements 
to improve combustion efficiency. 
monitoring air leakage in inert systems 
insuring safe entry into sewers, 
mines, and vessels and many other ap 
plications 
The instrument is completely self- 
contained and portable. Lamp current 
is provided by two flashlight batteries. 
No chemicals are used.. No special 
skill is needed for operation—merely 
squeeze a bulb to draw sample into the 
Analyzer, press a switch, and the oxygen 
concentration can be read instantly 
Range is 0-25 per cent O Accuracy is 


t().5 per cent O 


High Volume High Pressure Fan 


4 new radial blade fan by Buffalo 
Forge Co., Buffalo, N. Y., is claimed to 
possess high-volume high-pressure 
characteristics that make lower first 
cost possible on many applications 
Called the Type ‘‘CR”’ Fan, it offers 
high mechanical efficiencvy—above 78 
per cent over a broad range, and is also 
highly suitable for handling dust-laden 
air These characteristics are the result 
of inlet-to-outlet streamlining as well as 
the new radial blade design. In addi- 
tion to the Type CR in radial wheel 
type BR with wider and closer- 
spaced blades, is a higher capacity, 
lower pressure type; the “DR,” with 
narrower and deeper blades, is a higher 
pressure type 


Molded-Pipe Insulation 


Kaytheri 1 new wide-temperature 
range molded-insulation designed for 
use on steam and heated process piping 
has just been introduced to the market 
by Keasbey & Mattison Co., Ambler, 
Pa., manufacturer of a complete line of 
asbestos products This highly effec 
tive low conductivity insulation with 
stands pipe temperatures up to 1350 F 
This material, produced in half-cylin 
drical sections and segments 36 in 
long, is easy to install requiring only 
simple encircling metal bands to fasten 
two mating sections to a pipe. It can 
be cut easily and worked with ordinary 
tools, and comes in a variety of thick 
nesses ranging from 1 in. to 4 in. and 
will accomodate pipes up to 33 in. in 
diameter 





Business Notes 











The Atomic Energy Commission has 


established guaranteed fair prices to be 
paid for plutonium and uranium-233 
produced in atomic reactors operated 
under license in the U. S. and delivered 
to the Commission for the one-year 
period beginning July 1, 1962. The 
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Tiny 
currents 
guard 
boiler 
safety! 








oy operate alarms 
€: actuate fuel cut-out 
3] start and stop pumps 














For extra safety, guard your boiler water levels with audible and visi- 
ble alarms that reach operators anywhere in the plant. Or cut fuel 
automatically, without depending on human action. Here’s more pro- 
tection for boilers working on any pressure to 2500 Ibs. 

Levalarms operate on isolated electric currents passing through the 
boiler water itself. When water level gets too high or too low, circuits 
are made or broken and actuate relays instantly to cause ACTION 
(1, 2, or 3 above). 

Four models of Levalarms installed on or in your water columns, pro- 
vide a selection for various control combinations. Levalarms have no 
bellows or stuffing boxes; no vacuum tubes or magnets. Action is 
positive, immediate. Levalarms are unaffected by pressure, tempera- 
ture or water conditions. 

Read the full story of Reliance electrode-type Levalarms in Bulletin 
D2 sent on request. 


The Reliance Gauge Column Company + 5902 Carnegie Avenue + Cleveland 3, Ohio 
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BOILER SAFETY DEVICES 





MEASURED COAL MEANS FUEL CONTROL 
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Coal-Alarm System Protects 
Against Coal Supply Failure 


Here’s another Richardson value— 
a fool-proof, time-proof, load-proof 
protection against a possible short- 
age of fuel supply to the pulverizer! 
Located in your pulverizer feeder, 
the Richardson Coal-Alarm System 
sounds a warning if the coal supply 
runs low or arches anywhere. It’s 
added insurance to keep your 
boilers firing! 

Used with the familiar Richardson 
H-39 coal scale which accurately 
weighs your coal as it comes from 
the bin, the coal-alarm is tied in 
with the pulverizer feeder shaft. It 
counts the revolutions of the shaft, 
determines if the scale discharges 
before a pre-set number of revolu- 


Kichwulsen, 


MATERIALS HANDLING BY WEIGHT SINCE 1902 


tions is reached. If discharge is late, 
fuel supply is inadequate and a 
warning horn sounds. Full protec- 
tion is afforded during peak and 
slack loads without adjustment. 


The heart of the Coal-Alarm Sys- 
tem is the magnetic impulse switch 
which transmits electric current to 
the counter. Laboratory tests on 
this switch have exceeded fifty mil- 
lion cycles without failure of any 
kind. A control panel houses micro- 
flex counter, alarm light, main con- 
trol switch and test run switch. For 
full information on Richardson 
systems for fuel control through 
measurement, write today. Or call 
the Richardson office nearest you. 


GP 4983 


RICHARDSON SCALE COMPANY, CLIFTON, NEW JERSEY 
Atlanta * Boston * Buffalo * Chicago * Cincinnati * Detroit * Houston * Memphis * Minneapolis 
New York * Omaha * Philadelphia * Pittsburgh * San Francisco * Wichita * Montreal 
Toronto * Havana * Mexico City * San Juan * Geneva, Switzerland * Nottingham, England 


prices are $12 per gram for plutonium 
metal and $15 per gram of U-233 for 
uranium-233 nitrate, and are based on 
the estimated fuel value of the materials. 
These prices are identical with those to 
be paid for these products of reactors 
abroad fueled with material supplied 
by the U. S. 

Stone & Webster Engineering Corp 
and Thermal Research & Engineering 
Corp. will cooperate in the promotion 
of a high velocity combustion method 
developed by Stone & Webster for 
producing sulfur dioxide. The joint 
undertaking, which shall be of special 
interest to the paper industry and 
other sulfur users, will make use of the 
Thermal burner in the Stone & Webster 
high velocity sulfur combustion process 
Considerable savings in both installa- 
tion and maintenance are anticipated 

A preliminary engineering study has 
shown that organic compounds have 
advantages as nuclear reactor coolant- 
moderators. The favorable report, 
which followed a five-year investiga 
tion at Brookhaven National Labora 
tories by the Monsanto Chemical Co., 
detailed experiments using biphenyl 
and its compounds, with the best 
results being found from monoisopropy!l- 
biphenyl (MIBP) 


United Conveyor Corp. has moved 
its general offices, engineering and 
development departments and labora- 
tory to a new location at 6505 North 
Ridge Boulevard, Chicago 26, II. 

A new type of steam turbine for 
boiler feed pumps has been designed 
by General Electric Co. to increase the 
amount of salable kilowatts from central 
power stations by as much as four per 
cent, and is scheduled for installation 
in the Glen Lyn power plant of the 
Appalachian Electric Power Co., a 
part of the AGE System. The steam 
station is located near Roanoke, Va 

Warren Steam Pump Co., Inc., has 
announced that they have completed 
plans to open a second plant at Peace 
Dale, R. I., with operations scheduled 
to begin early this year. This new 
plant will be a separate division of the 
Warren Steam Pump Co 


Hagan Corp. has changed its name to 
Hagan Chemicals & Controls, Inc., 
and at the same time its subsidiaries, 
Calgon, Inc., Hall Laboratories, Inc., 
and The Buromin Co., were merged 
into the parent company. Calgon and 
Hall will continue as divisions. The 
new name, it is believed, will better 
describe the company’s activities in 
the fields of chemical engineering and 
automatic control equipment 

Gibbs & Hill, Inc., recently announced 
the formation of an engineering office 
to be located in the Wallace S. Building, 
608 Tampa Street, Tampa 1, Fla 
Other offices are New York Los Angeles 
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245 howrs less greasing time... 
245 hours more working time EVERY YEAR! 





Time saved by 1,000-hour lubrication intervals on your Allis~Chalmers IT’S SIMPLE ARITHMETIC! 


tractor adds up to 245 hours every year—an extra month of production! 
Allis- 
Other Chalmers 


On truck wheels, support rollers and idlers, an exclusive combination 
Tractors Tractors 
of positive, spring-loaded seals and tapered roller bearings keeps out No. of greasings 
: - aie : per year 
dirt and moisture, prevents loss of lubricant. (5,000 hr) up to 500 


For 1,000 tractor work hours, you can forget about every grease point Hg = Y hr hr 


below track level. When it’s time for servicing, simple low-pressure flush Time spent 
greasing up to 250 hr 5 hr 


. ° . PRODUCTIO! coe 
vents damage to seal faces. Allis-Chalmers, Construction Machinery — sanannias daar YEAR! 


lubrication replaces old grease completely, eliminates seal popping, pre- 


Division, Milwaukee 1, Wisconsin. 


ALLIS-CHALMERS Engineering in Action 





“Air flow” design prevents 
cavitation in Butterfly Valve 


Throttling water at a high rate of flow may cause critically high 
velocities through the restricted area and develop a vapor pocket 
immediately down stream of the valve. The alternate buildup and 
collapse of this vapor pocket develops supernormal pressures on 
the face of the valve disc, accelerating erosion and causing shocks 
in the piping system. This phenomenon, known as cavitation, may 
occur regardless of the shape of the valve disc or its material 
of construction. 

This unusual problem arose in planning the Pleasant Valley Hydro- 
electric Plant. Although ultimately intended for open-shut service, 
the 96” penstock intake valve would have to throttle flow through 
the waterway during the plant construction period. Pratt engineers 
knew from experience that cavitation would probably occur and 
sought to forestall damage to the valve disc and pipeline structure. 
The problem was solved with a design which allows atmospheric air 
to pass down the valve shaft and out through holes in the valve disc, 
preventing the formation of low pressure areas. 

The valve and reducer are under 65 feet of water and the electric 
motor operator is on a floor 68 feet above the valve centerline. An 
oil-filled standpipe balances pressure in the reducer with outside 
water pressure. 

This imaginative engineering is the result of 30 years experience in 
butterfly valve design. Specifying Pratt valves puts this experience 
to work for you. It helps keep installation costs down and assures 
years of efficient, economical operation. 


96” valve for penstock intake at 
Pleasant Valley Hydro-Electric Power 
Plant, Los Angeles, Cal. ENGINEERS: 
Los Angeles Department of Water 
and Power. 


NEW! Latest, most accurate pressure drop and flow data, 
conversion tables, discussion of butterfly valve 
theory and application plus 

other technical 

information. 


Write for Manval B-2D. 


RUBBER SEAT 


HENRY 


PRAT 


Henry Pratt Company, 2222 S. Halsted St., Chicago 8, Ill. Representatives in principal cities 


May 1957—-COMBUSTION 





NOBODY WAS SURPRISED 


When this mud drum was opened for inspection, it looked 
just as everyone expected it would—clean as a whistle, com- 
pletely free of sludge and scale—after nine months of treatment 
with Dearborn Formula 659. That’s product dependability. 

Formula 659 contains a patented* Dearborn Polyamide 
Anti-Foam that provides protection throughout the entire 
water-steam cycle. In addition to improving steam quality, 
Formula 659 also conditions sludge, reduces blowdown re- 
quirements, and controls corrosion. 

Compatible with other water treating reagents, Formula 659 
is a neutral product which imparts no alkalinity to boiler 
water—nor will it increase carbon dioxide content of steam. 

Formula 659 will mean important savings in your plant— 
see your Dearborn Engineer. 


*U.S. Pat. No. RE-23085 


Drarvborw 


...@ leader in water conditioning and 
corrosion control for 70 years 
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HOW FORMULA 659 WORKS 
FORMULA 659 improves steam quality by reducing 
carry-over to a minimum. 


FORMULA 659 keeps sludge in a fluid, non- 
adherent form. 


FORMULA 659 permits higher boiler water con- 
centrations, thus reducing blowdown. 


FORMULA 659 helps protect against corrosion in 
the water-steam cycle. 


USE THE COUPON 


Dearborn Chemical Company, Dept. COM 
Merchandise Mart Plaza, Chicago 54, III. 


O Send complete details on Dearborn Formula 659. 


Company 
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One half of a 140,000 sq. ft. twin condenser for a Midwest utility 


C. H. WHEELER Principles of 
Steam Condenser Design 
Win Approval of Large Utilities 


To help modern power plants conserve every BTU of 
boiler fuel C. Wheeler is working constantly to 
design and build more efficient steam condensers. Here 
are just a few of the more important features in C. H. 
Wheeler Dual Bank Condensers that are recognized 
by large utilities 


¢ Deaeration 0.01 ce per liter is attainable. 


“Zero” 
Purity of condensate. 

Additional steam lanes shorten path and resistance 
to steam travel. 


condensate temperature depression. 


Lower pressure drop and higher vacuum. 
Specifically designed for larger, more efficient electric 
generating stations. 

Adaptable to any station layout and designed to 
minimize field erection problems 


C. H. Wheeler representatives are located in principal 
cities. Let us present a proposal for the most modern 
Steam Condenser, Pumps and Auxiliaries for your 
electric generating plants of tomorrow. 


Cc. H. WHEELER MANUFACTURING CO., 19th & LEHIGH, PHILADELPHIA 32, PA. 


Steam Condensers * Vacuum Equipment * Pumps for Circulating Water, Condensate, Water Supply and Drainage * Morine Auxiliary Machinery * Special Products for Atomic Service 
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3 MATERIALS are exposed to nitric acid in comparison test of 
corrosicn resistance. From left to right, they are steel, REFRAX® 
silicon-nitride-bonded silicon carbide refractory, and copper. 
Only the refractory remains unaffected. 


Refractories for outstanding corrosion resistance 


Wherever the poss y of chemical attack exists, it pays to con- 


sider refractor 


why » num rrosive applications, CARBORUNDUM’S 


rials of construction. The picture shows 


nerior to other materials. They resist 


nces as well as acids, acid slags and 


refractories < 


fluxes 
Typical applicat s are: linings in controlled atmosphere 


furnaces, pumps and pump parts handling molten aluminum 


nozzles spraying corrosive amd abrasive liquids, linings in 
muriatic d furnaces, retorts for reducing and refining zinc 
ores, linings for glass tanks, etc 

But seldom is a refractory called upon to provide corrosion 
resistance alone. It may be required to transmit heat rapidly, 


resist thermal shock cracking, withstand abrasion, carry heavy 


CARBORUNDUM 


Registered Trade Mark 


loads, retain initial purity whether at low or extremely high 
temperatures 

These properties are but a few of those found in super 
refractories pioneered by CARBORUNDUM. Among them, you 
are almost certain to find answers to your material selection 


problems. For help, fill in and mail this coupon today 


MAIL THIS COUPON TODA 


Refractories Division, 
The Carborundum Company, Perth Amboy, N. J., Dept. E57 


Please send me: 


Forthcoming issue of Refractories Magazine 


[] Bulletin on Properties of Carborundum’s Super Refractories 


Here is a description of my corrosion problem. 
Can you help me? 


Name 
Company 
Street 


City 








Highest Standard 
in Boiler 
and Pressure Tubing 





Electric welded boiler tubing is used today by 
all of the leading manufacturers of boilers and super- 
heaters—stationary, marine, and locomotive—high 
or low pressure—and meets the requirements of 
government and commercia! specifications. 

With recent changes in the A.S.M.E. Boiler Code, 
it’s now possible to use electric weld boiler tubing at 
pressures in excess of 2,000 lbs. High strength“ Grade 
C” tubes are available for even higher pressures. 

Uniformity of teynper and wall thickness makes 
Standard tubes easier to roll for tight . . . sure fit. 
Standard’s fine, smooth surface eliminates any need 
to polish ends for tight fit. Even a microscope won't 
spot the exact location of the weld. 

Nowhere will you find any more modern and 
complete facilities for precision manufacture and 
inspection of Boiler and Pressure Tubing than you'll 
find at Standard. 

For complete information on all Standard prod- 
ucts and services send for free 8-page folder today. 


STANDARD 


Free 8-page folder on THE STANDARD TUBE COMPANY 

all Standard products. 244 

Wotes hives below. 00 PLYMOUTH ROAD ° DETROIT 39, MICHIGAN 
Welded stainless tubing and pipe ¢ Welded carbon stee! mechanical e Boiler and Heat Exchanger 


e Exclusive rigidized patterns ¢ Special Shapes e Steel Tubing — Sizes: 4%" OD to 5%" OD 
— .028 to .260 wall ¢ Stainless —Sizes: 4%" OD to 4%" OD —.020 to .165 wall. 


Every length of Standard Boiler and Pressure Tubing 
is tested at pressures far beyond code requirements 
and can be readily bent or otherwise fabricated. 
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Mill scale removal by Dowell started this new plant 


off with a $100,000 operating profit 








Here’s how the management of a multi-million dollar 
corporation used its knowledge of chemical cleaning 
to start a new plant off in the right way—in the black. 


Following construction, and before the plant was 
put on stream, Dowell was called in to remove 
mill scale from the following systems: 
¢ Ammonia Compressors Suction and Discharge 
Piping @ Engine Water-Cooling System ¢ En- 
gine Oil-Cooling System @ Engine Jackets © 
Hydraulic Oil-Cooling System @ Oxygen Suc- 
tion and Discharge Piping @ Miscellaneous 
Piping @ Product Lines to Storage @ Miscel- 
laneous Towers 


The total cost of this mill scaling was 
approximately $5,000. But, once in pro- 
duction, this plant did not have a single 
major shut down for maintenance caused 
by mill scale. The plant management 
credits Dowell Service with netting the 


plant an operating profit somewhere between 10 and 
20 times the cost of the chemical cleaning. This 
amounted to between $50,000 and $100,000 the 
first year. 


This particular case history is about. a chemical 
company, but Dowell has startling performance 
data to show you—from your own industry. 
That’s because chemical cleaning is so versatile. 
Dowell engineers are experts in removing scale 
and sludge from process systems, tanks and 
piping. They apply solvents in various ways- 

such as filling, jetting, cascading. Dowell 
furnishes all the necessary chemicals, trained 
personnel, pumping and control equipment. 


For specific information on how chemi- 
cal cleaning can help you to greater 
profits, call the Dowell office near you. 

Or write Dowell Incorporated, 

Tulsa 1, Oklahoma. 


have Dowell clean it chemically 
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ooomore 
quality proved 


POWELL VALVES 


FIG. 19003 W.E.—Steel Pressure FIG. 1503 W.E.—150-Pound Steel 
Seal Gate Valve for 900 Pounds. 0.S. & Y. Gate Valve. 
Also available for 600, 1500 and 


2500 Pounds. 
FIG. 11365 W.E.—Steel Pressure 


Seal Horizontal Lift Valve for 
FIG. 3061 W.E.—300-Pound Steel 1500 Pounds. 900-Pound Valves 
Swing Check Valve. also available. 


Consult your Powell Valve distributor for full facts about quality proved bronze, iron, steel and 
7 q yp 


corrosion-resistant valves. For every flow control problem—there is a Powell Valve to solve it. 


THE WM. POWELL COMPANY, CINCINNATI 22, on10.... 111th VEAR 
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FOR COAL BUNKER NOSES, CHUTES, 
HOPPERS, SPREADERS THAT MATCH THE 
LIFE OF YOUR BOILER... 


Take a long look 
at Lukens clad steel 


This is Lukens clad steel... not a lining, not a 
soldered-on surface, but a solid plate—one side 
corrosion resistant stainless steel permanently 
bonded over all to a rugged backing steel. 


Its durability in coal handling equipment is 
proved by installations 10 years old which show 
no measurable wear. It effectively cuts hangups 

as well as damage from sulfuric acid in wet 
coal—to the vanishing point. 


PLUS: ready fabrication, reduced mainte- 
nance, freedom from down time, and easy modi- 
fication. And Lukens will help you and your 
fabricator select the proper types and gages to 
meet your needs. 

Bulletin 740 will give you performance facts 
and production information. For this bulletin, as 
well as the names of experienced coal handling 
equipment builders, write Manager, Marketing 
Service, 939 Lukens Building, Lukens Steel 
Company, Coatesville, Pennsylvania. 


—— 


LUKENS 


Helping industry choose steels 
that fit the job 
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No two coal handling problems are exactly alike although 
practically all of them boil down to G-W’s four basic types 


of storage and handling. 

For example, at a large U.S. Government arsenal, 
G-W designed and installed the suspended steel bunker 
with a gravity discharge bucket elevator shown at left. 

Coal is carried on the upper run of the conveyor, per- 
mitting free access to machinery and maximum 
bunker capacity. A cab-type weigh larry with re- 
cording beam provides clean, economical operation. 


G-W conveyor system with capacity of 60 tons per 
hour. System consists of a Rail and Truck Hopper, a 
30-inch Apron Conveyor, Gravity Discharge Elevator, 
250-ton Suspended Steel Bunker and a 2000-Ib. 


Weigh Larry. 


BASIC No matter what your coal and ash handling problem is, from’ 
WAYS one of 4-basic types...Concrete Silos, Vitrified Tile Silos,” 
to Cylindrical Steel Tank, and Suspended Steel Bunker ...G-W 

engineers can install the most efficient and economical storage 
cur and automatic handling system to fit your requirements of 
COAL Space, capacity and initial cost. Their recommendations to 
HANDLING] you, will be based on more than 140 years of design and 
costs enginecring experience and on the performance records of 
hundreds of successful installations. 





Fourteen interesting case his- 
tories, based on these 4 G-W 
basic designs, are described in 


G/£FoRD-bo0o Co. Bulletin No. 300. Write for 


SINCE 1814 ® HUDSON, N. Y. your copy, today. 


NEW YORK 17 CLEVELAND 20 CHICAGO 6 ST. LOUIS 1 
420 Lexington Ave. * 3537 Lee Road * 565 W. Washington St. « Railway Exchange Bidg. 


® 6340 
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GAS CLEANING NEWS 











Eastern Public Utility Installs 
Two More Koppers Electrostatic 


Precipitators to Remove Fly Ash 


Major Utility has installed 
8 Koppers Electrostatic Precipitators since 1947 


EARS of cost-saving, highly efficient per- 

formance preceded this latest installation of 
Koppers Electrostatic Precipitators. During these 
years, this leading Eastern public utility was able 
to judge Koppers by on-the-job operation—the 
most positive proof of performance. 


Proves Performance on the Job 

Ten years ago, this company purchased its first 
two Koppers Electrostatic Precipitators for fly ash 
removal. Satisfactory performance and low main- 
tenance costs justified the purchase of additional 
Koppers units that were installed in a total of 4 
stations. The eight units furnish highly effective, 
trouble-free operation in a varying range of CFM 
capacities. 


Supplies a Wide Range 

The eight Koppers Electrostatic Precipitators 
serve boilers ranging in capacity from 570,000 # /hr 
to 950,000 #/hr. Guaranteed efficiency runs as 
high as 98%, depending on the need of each appli- 
cation. This ability to engineer for a wide range 
of capacities enables Koppers to satisfy the needs 
of each station. 


Meets Individual Plant Needs 

Koppers custom-designs each Electrostatic Pre- 
cipitator. Koppers units remove boiler fly ash be- 
fore the flue gas is discharged from the stack. In 
designing Electrostatic Precipitators, Koppers 
utilizes its knowledge of the characteristics of 
various coals, types of boilers and methods of firing. 


Backed by Know-How 
Koppers gas cleaning experience goes back 75 
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years. This experience is backed up by extensive 
research facilities at Verona, Pa., and Baltimore, 
Md. From this experience and research has come 
gas cleaning equipment for all sizes and types of 
plants. 


Get the most out of your gas cleaning dollar. Write 
KoOPPERS COMPANY, INc., Metal Products Divi- 
sion, Industrial Gas Cleaning Dept., 4405 Scott 
Street, Baltimore 3, Maryland. 


This cutaway photo of a Koppers Electrostatic Precipitator 
shows shell, vibrators, and collecting and discharge electrodes. 
The actual design and arrangement of elements vary widely 
because Koppers Electrostatic Precipitators are custom- 
engineered to fit the requirements of each installation. 








PEABODY’S NEW RIFLED 
TILE HITS THE MARK... Advertisers’ Index 


Aerotec Corporation, The : 
Air Preheater Corporation, The 12 
Allis-Chalmers Mfg. Company, 
Construction Machinery Div. 71 
Allis-Chalmers Mfg. Company, 
General Machinery Div 
American Blower Corporation. 
18 and 19 


Bailey Meter Company 
Baltimore & Ohio Railroad.... 
Bayer Company, The 
Bituminous Coal Institute. ... 
Blaw-Knox Company, Blaw- 
Knox Equipment Div 
Blonder-Tongue Laboratories, 


Chesapeake & Ohio Railway... 
Clarage Fan Company 
Combustion Engineering, Inc. 
Second Cover, 10 and 11 
Combustion Publishing Com- 


Copes-Vulcan Div., Blaw-Knox 
Company 

Crane Company 

Curtiss-Wright Corp 


. 
over 30 to 1 range instantaneously; ———— 
De hemi ‘ 3 

2% steam pressure variation with com- i ianakttteans Gaabiiaa: 
pany 
plete stability and safety, burning gas Diamond Power Specialty Cor- 

poration Third Cover 
Dowell Incorporated 


A new, basic concept of gas firing, Peabody's 


rifled tile maintains ignition under the Eastern Gas & Fuel Associates 
_ : Economy Pumps, Inc 

most adverse conditions with assured safety, even Edward Valves, Inc 

Euclid Division, General Mo- 


when controls break down or go out of adjustment. tors Corporation 
Specially designed, this rifled tile develops 


Fairmount Chemical Co., Inc. 
Flexitallic Gasket Company... 


continuous, low-velocity eddy currents, in the . , 
Foster Engineering Company. 


rotating air and fuel mixture, which rapidly 
ignite and serve as continuous, positive pilots. General Electric Campers, ‘snd 17 
Available on new or old Peabody installations, 
this tile-applied to Peabody Ring-fired Gas Graver Water Conditioning 
Burners—permits minimum load on gas without 
regard to wind-box pressure settings and Hagan Chemicals & Controls 
with complete safety and stability. of 


Hagan Chemicals & Con- 


Complete details on request. 
Haskins-Turner Company 


PEABODY ENGINEERING CORPORATION (Continued on page 83) 


232 MADISON AVENUE, NEW YORK 16, N.Y 
OFFICES IN PRINCIPAL CITIES 
PEABODY LIMITED @ LONDON, S.W. 1, ENGLAND 
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L. A. Water Softener Company 66 
Leeds & Northrup Company.. . 
Lukens Steel Company 79 
Lummus Company, The 


W. K. Mitchell & Company.... 


National Aluminate Corpora- 
tion 
Norfolk and Western Railway. 
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Peabody Engineering Corpora- 


Pennsylvania Crusher 
Bath Iron Works Corp 
Pittsburgh Piping & Equip- 
ment Company 
Powell Valves 
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Henry Pratt Company 


Refractory & Insulation Cor- 
poration 

Reliance Gauge Column Com- 
pany, The 

Republic Flow Meters Com- 


Research-Cottrell, Inc....20 and 21 
Richardson Scale Company... 70 


Standard Tube Company, The 76 
Stock Equipment Company... 32 
Sy-Co Corporation 67 


W. A. Taylor and Co 
Thermix Corporation 
Todd Shipyards Corp., Pr.d- 


Unafrax Construction Company 67 


Walworth Company 
Western Precipitation Corpor- 
Fourth Cover 

Westinghouse Electric Corpor- 
ation 64 

Westinghouse Electric Corp., 
Sturtevant Div 6 and 7 

C. H. Wheeler Manufacturing 
Company 

Worthington Corporation 
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One-Coat 
Insulation 


for Your Boilers + Tanks 
Heaters + Fans - Ducts 
Hot Walls - Uptakes 
Breechings + Pipings « Fittings 


Finishes Smooth in 
One Coat 
over insulating blankets, block, plastic 


FRACTORY & INSULATION . : . 
120 WALLST. MEW YORK. W.¥ insulating base or brick. No roughing 
coat needed. 


‘ Finishes Hard, White, 
Resistant 


to moisture or steam. Efficient — at all 
temperatures to 1700°F. 


J Stays on Permanently 


without shrinking, cracking or peeling. 
No pointing up or patching necessary. 
Adheres strongly to overhead, vertical 
or curved surfaces. 


J Goes a Long Way 


Super-Finish Stic-Tite has double the 
coverage of asbestos cement. Lowest 
cost coverage of any one-coat finish 
insulation. 


Jf Easy to Apply 


Simply mix dry finely ground pure white 
material with water and trowel—gen- 
erally about 3%" thick. 


REFRACTORY & INSULATION CORP. 


REFRACTORY BONDING AND CASTABLE CEMENTS 
INSULATING BLOCK, BLANKETS AND CEMENTS 
124 WALL STREET @® NEW YORK 5, N. Y. 





= oT 


honenting *** Another. of the features distinguishing 


You get more than extra-heavy Tru-Sight remote oiler 


construction, extra-long service life Sight guoge 
Glass peep sights | 
from a Clarage Fan. You now get a ee etcarese 

‘ Heavy cast iron Overflow cup oil 
la beoring support / _— filler 
vastly superior oiling arrangement for / ye cup 

Oil level 
{not running) 


the bearings — as shown on the right. 


Send for Catalog 901-A describ- ey 
(running) 


ing the Clarage Type RT Fan and the 








many features that have made it the a 





stand-out performer in forced and in- 
; ‘ - Pans Designed to simplify maintenance, this Clarage Oiler provides 
duced dratt service. CLARAGE FAN for accurate remote oil level indication when fan is running or 


COMPANY. Kalamazoo, Michigan not running . . . simplified oil level adjustment . . . quick 
ee ee eee «ta — filling . . . automatic overflow to prevent overfilling 


cleanliness due to improved shaft seal effectiveness and use 
of overflow cup. 


SALES ENGINEERING OFFICES IN ALL PRINCIPAL CITIES @ IN CANADA: Canada Fans, 1td., 4285 Richelieu St.,. Montreal 
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For Fly Ash Collection, here are 
3,370 REASONS WHY J” 


You're Years Ahead 
with MULTICLONE 


The tabulation sheet shown here is over 40 feet long, 
filled top to bottom with single-spaced typewriter list- 
ings as shown in the enlarged section above... 


Each typewritten line tabulates an installation of Multiclone 

equipment—an installation of from one to nine separate 

Multiclone units ! 

These installations have been made in all parts of the world, 

in plants operating under widely-varying load, atmospheric 

and fuel conditions! 

They include installations on virtually every type of steam 
. power plant (i.e. pulverized coal fuel boilers, spreader stoker 

boilers, chain grate boilers, underfeed stoker boilers, etc.) 


New Multiclone installations are being made every day, but at the 
time this tabulation was made there were 3,370 Multiclone units 
giving superior service to industry throughout the United States, 


Canada and other countries. 


What does this mean to you? Simply this—when you 
select ““Multiclone” you are getting equipment that has over a 
quarter-century of experience behind it...equipment backed by 
the industry's greatest fund of “know-how” in modern small tube, 
high-efficiency cyclonic collection. Although this unequalled ex- 
perience is a part of every Multiclone installation, you pay noth- 


ing extra for this vital advantage! 


For Descriptive Literature on Multiclione Equipment! 


Western Precip! tation C orporation 


Designers and Manufacturers of Equipment for Collection of Suspended Material from Gases 
. and Equipment for the Process Industries 


Main Offices: 1022 WEST NINTH STREET, LOS ANGELES 15, CALIFORNIA 


Chrysler Building, New York 17 «+ 1 North La Salle Street Building, Chicago 2 « Oliver Building, 
Pittsburgh 22 * 3252 Peachtree Road N. E., Atlanta 5 * Hobart Building, San Francisco 4 
Precipitation Company of Canada Ltd., Dominion Square Building, Montreal 
Representatives in all principal cities 





